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PREFACE 


The developments in aviation since the last edition have made 
obsolete much that was published at that time. Some engines then 
illustrated are now omitted as they are no longer a factor in commercial 
air transport. The Curtiss OX-5 engine is, however, retained because it 
is still widely used on small planes. These engines are, in fact, receiving 
greater care than was formerly the case. Similarly, the Hispano-Suiza 
or Hisso is still used though neither are now manufactured. 

Many new engines are under development and some have won their 
place. These are described in some detail. Others will doubtless be 
securely established before the next edition. 

The planes illustrated were selected to give a general idea of the 
types now in use in this country as it is obviously impossible to show 
all that are being built. Accessories such as instruments, engine 
starters, landing gears, and the like are selected to show types that have 
proved successful. In magnetos, for example, the type shown is used 
on nearly every engine built in this country. The same is true of some 
other accessories, so that what may seem like excessive mention of a 
few makes is because there are few others in these particular fields. 

Much new material has been added, notably in the sections devoted 
to Construction and to Materials. We believe that both sections will 
prove of value both by builders and by those who repair planes at 
various airports. 

Manufacturers and others have been generous in supplying informa- 
tion for the benefit of the industry and their assistance is gratefully 
acknowledged. Suggestions as to making this volume of even greater 
value to the airplane industry will be appreciated. 

THe AUTHORS. 

New York, N. Y. 

September, 1929, 


INTRODUCTION 


Aviation has advanced in every -way since the publication of the 
last edition. Feats that were dreams or predictions have become 
history. Both the continents and the oceans have been spanned, 
planes have been fueled in mid air enabling all previous endurance 
records to be far exceeded. Cans of fuel have been picked up from 
the ground by a flying plane. The air mail has been extended widely 
and carries on, day and night, in all weather and with remarkably few 
delays and fatalities. Passenger carrying is increasing and some of the 
transport lines have begun to pay dividends. Airports are growing in 
number and are being improved as to size, surface, and the accomo- 
dations for air passengers. 

From the tropics to the poles the airplane is playing an important 
part in exploration, making possible extended observations in a fraction 
of the time required by any other methods. Metals are becoming a 
large factor in aircraft construction, and this involves, even though 
indirectly, many metal-working industries. The demand for aircraft 
engines is resulting in the enlargement of old plants and the development 
of new ones, accompanied by a constant search for better designs and 
improved performance. The Diesel type of engine is being tested in 
actual flights and there is a general development in all lines pertaining 
to aircraft. 

The aircraft industry is becoming established and will take its place 
with other industries devoted to furnishing modern transportation 
methods. 
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THE AIRCRAFT HANDBOOK 


SECTION I 
SIMPLE AIRPLANE THEORY 


Aviation has become a vital factor of growing importance in national 
transport of mail, express, and passengers. The general public, 
stirred primarily by the flight of Col. Charles Lindbergh from New 
York to Paris, is becoming airminded and desires to understand the 
fundamental principles of flight in a general way. For those who are 
more deeply interested in the theory of flight, but who do not wish to 
study all its scientific aspects, a simple explanation is given in this 
chapter. 


Boyne te. tas 
Word --- el 
A= Angle of incidence 
B=Direction of motion 
laa C= Section of wing or plane 
A 
Bey 


Fias. 1 and 2.—Measuring angle of incidence. 


An airplane is supported in the air by driving it so that the air is 
forced under its inclined surfaces. These surfaces force the air down 
and the reaction of the air supports the plane. The inclination of 
these surfaces is called the angle of incidence and is measured when the 
plane is level or in its normal flying position, which is parallel with the 
shaft of the engine. In the side view of the surface shown (Fig. 1) the 
angle of incidence is that formed between the horizontal or line of 
motion and the chord, or straight line from one side of the wing to the 
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other. This chord is the effective width of the wing. A more correct 
definition of the angle of incidence is the angle formed between the 
direction of motion and the neutral lift line, which starts at the trailing 
edge of the wing and runs along its main lifting surface, neglecting the 
downward curve of the front edge. The two methods are shown in 
Figs. 1 and 2. From a practical viewpoint the former is sufficient and 
enables the rigger to measure the angle more accurately than the other 
way. 

The angle of incidence varies considerably on different types of 
machines and is determined largely by the performance required of the 
machine. 


THE LIFT OF THE WINGS 


The lift, secured by forcing the plane through the air, is due both to 
the direct reaction of the air against the lower surfaces of the plane and 
to the partial vacuum over the top of the wings, as at A, Fig. 3. This 
vacuum is found to give over half the lifting force, it is, in fact, usually 


Fig. 3.—Action of air on wing. 


considered that about 60 per cent of the lifting power comes from the 
upper surfaces of the wings. This makes it necessary to pay particular 
attention to the condition of the upper wing surfaces as they are even 
more important than the lower surfaces. 

Action of Airfoils.—The effect of the passage of an airfoil, or wing 
section, through the air is shown in Fig. 4, from publications of the 
U.S. Army Air Corps. These six views show how the air currents act 
as they pass over the wing surfaces. As will be seen, the air leaving 
the top of the wing is more disturbed as the angle of attack is increased, 
and that the air leaving the trailing edge flows downward. 

Many wing sections have been developed by careful experimentation, 
so as to secure the best results in planes for various services. Sections 
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have been developed to secure great speed, heavy lift, and for extreme 
safety. Much work of this kind has been done in England, France, 
and Germany, while the National Advisory Committee for Aeronautics 
in this country has done splendid work at its great testing laboratory 
at Langley Field, Va.; this being equipped with a huge wind tunnel 
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Fig. 4.—Airflow around airfoil at different angles. 


and other apparatus. Each country has developed wing sections or 
“airfoils” which have a special name to denote their origin. Recent 
developments have made the use of extremely thick wings very practical. 
These wings are so thick that they can be internally braced, so that no 
struts or guy wires are required to brace them, thus reducing parasite, 
or useless resistance, to a minimum. The Ford wing, for example, 
is 32 inches thick (see p. 20), and another builder contemplates a wing 


9 feet thick’ 
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It is interesting to note that the thick wing section has proved 
remarkably efficient in many cases. The first development of this . 
type of wing was begun by Dr. Hugo Junkers in Germany and was 
soon followed by Anthony Fokker, after flying Junker planes. The 
thick wing compares favorably with the thin sections for low drag at 
small angles of attack and also with the highly cambered thin sections 
for high lift at the higher angles of attack. It is a good compromise 
section offering the additional advantage of reducing parasite resistance 
of struts and wires by enabling sufficient strength to be built inside the 
wing itself. 


SS 


Cc. 


‘ 
Fic. 5.—How air forms around struts. 


The efficiency of the machine itself, without regard to the engine 
which drives it, is due to the relation between the lift and the resistance 
or drift, this being known as the lift-drift ratio. The less the resistance 
the greater the efficiency of the machine, so that every effort is made to 
decrease the resistance by stream-lining all parts which are exposed. 
This stream-lining is making the piece pointed not so much where it 
enters the air as where the air leaves it, as the passing air acts in the 
same way over the top of the wing and creates a partial vacuum which 
holds back the piece and adds to the resistance. This is decreased by 
making the shape of the piece as shown in Fig. 5, which shows the 
effect of both round and stream-lined shapes. The space A shows the 
difference in vacuum created. It is for this reason that the landing 
wheels are covered and the exposed wires are stream lined. 

The camber of the wings is the curved surfaces at the top and bottom, 
the top being convex and the bottom either concave or convex. This 
camber varies greatly with the machine, and the rigger can only assume 
that this, as-with the angle of incidence, is rightly proportioned and 
keep it in the condition in which he finds it. This is also true of the 
stagger of the planes, the rigger’s work being to see that the proportions 
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of the designer are maintained. The amount of stagger is sometimes 
given in inches, while other makers state it in degrees. 


DIHEDRAL ANGLE 


The dihedral angle, or the angle which the wings make with the 
horizontal, is to secure an inherent stability or self-righting quality 
to the machine. An exaggerated example of this is shown in Fig. 6, 
which shows the machine level at A and tipping at B. As soon as the 


Cog ) 
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= 
Fie. 6.—Action of dihedral wings. 


plane starts to tip, the wing C, which goes down, immediately presents 
more surface to the air while the other wing D decreases its surface 
and the machine at once starts to right itself. The supporting area of 
each is represented by # and F, 


THE SLOTTED WING 


One of the interesting developments in airplane construction is 
known as the slotted wing, its object being to increase the safety of 
planes in preventing dangerous spins and in landing. Apparently 
experiments along this line were made in both England and Germany 
at about the same time but the device has not as yet come into very 
general use in either country. The greatest developments in this line 
have been made under the direction of Capt. F. Handley Page, and 
both the Moth, a small plane, and the Villiers, a large French plane, 
are being built with slots in the wings. A close view of the auxiliary 
front wing which forms the slot when in the position shown, can be 
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seen in Fig. 7, while the Villiers plane with slots closed is illustrated in 
Fig. 8. A few other planes also use the slotted wing. 


Fig. 8.—Villiers plane with slots closed. 


Quoting from Circular 87 of the N. A. C. A.: 


The slotted wing, which has been undergoing development for several 
years in England under the direction of F. Handley Page, constitutes one 
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of the most important devices from the viewpoint of safety in flight. It is 
known that above a certain angle of attack (the critical angle) there is a 
separation of the air filaments on top of the wing, which results in a diminu- 
tion of the lift accompanied by a considerable increase in the drag. If the 
ailerons are operated at that instant, the drag is still further increased, and 
stalling occurs with all its well-known consequences. 

The introduction of a slot into the leading edge of the wing results in 
considerably increasing the critical angle of attack. The lift is also greatly 
increased (sometimes nearly 100 per cent) for angles of attack up to 25 and 
30 degrees instead of the usual 14 to 16 degrees, The natural result is a 


sare Rear Slot 202 Front Slot Open 


Fria. 9.—F. Villiers A-5 airfoil open and closed. 


great reduction in the minimum speed, as likewise in the take-off run and 
landing run. When the slot is closed, the profile is like the ordinary profile 
and behaves the same. 

Experimentation with the device led to combining it with a rear flap, 
which is operated simultaneously with the front flap. The tests showed 
that it was possible to render the operation of the flaps entirely automatic 
and thus obtain an automatic lateral control. Test flights demonstrated 
on many occasions that an airplane, nosed up beyond the critical angle, 
descended vertically and then began a dive without slipping off on the wing 
or going into a spin. 


The extreme position of the flaps governing the slots of the Villers 
plane, with the F. Villiers A-5 airfoil, are shown in Fig. 9. The flaps 
on the Moth plane are also automatic in operation and so controlled 
by levers as t© open uniformly along their length. The slots should 
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be approximately five-eighth of the length of the wing for most satis- 
factory results. 
We quote F. Handley Page regarding the status of the slotted wing: 


The inherent and fundamental difficulty of the breakdown of air flow 
over the upper surface of a wing section—known as ‘‘burbling’’—has, due 
to the stalling of a normal unslotted wing, placed a lower safe limit on the 
flying speed of an aircraft; and it has likewise set a lower limit, below which, 
owing to lack of increased lift with increased angle, the aircraft controls 
cease to respond to the control movements of the pilot. 

The increased range of angles at which lift can be obtained with the slot 
is limited only in degree by the number of slots used. Its ultimate develop- 
ment must depend on mechanical considerations, and it may well be that, 
with further mechanical experience, which is gained but slowly, larger 
numbers of slots will be used in a wing, particularly now that the fashion 
for their use has set in; for fashion and custom, as in all the arts and com- 
merce, settle to a very large extent the choice of the pilot and the decisions 
of the engineer. 

Two courses lie open to a designer in the application of the slot. The first 
and most obvious is to slot the wing throughout its span, and as the range of 
angles is increased through which useful lift can be exerted upon the air- 
craft, to obtain a wider speed range and improved performance, provided 
that the mechanism added does not offset the advantage so gained. The 
second course is to apply the slot to a portion only of the lifting surfaces 
and to use the device mainly to give that control at and beyond the stalling 
speed of the aircraft which is lacking with the ordinary wing. 

In the research work detailed, certain salient features may be summarized: 

1. With thick wing sections an increase in lift coefficient can be obtained 
by the use of the slot equal in magnitude to that with thin wings. 

2. As the use of the slot for control purposes is dependent on the lift 
increase obtained a similar result in stalled flight can be obtained with both 
thick and thin sections. 

3. Where the aerofoil is used for a portion of the span only the best result 
for control is obtained when the auxiliary aerofoil is fitted in an intermediate 
position between the tip and the center of the wing. 

4. With a correctly designed and positioned auxiliary aerofoil opening 
and closing automatically a very good control at and beyond the stall can 
be obtained without the added complication of control by the forward 
aerofoil. 

5. If increased control is required at and beyond the stall, particularly 
at very high angle of incidence, the controlled slot or interceptor should 
be used. 
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In making a survey of the results it must be remembered that these tests 
show rolling and yawing moments on an aerofoil proceeding on a level keel 
and do not show righting moments in a roll. It is obvious that it would be 
impossible to use the unslotted control in free flight at the large angles 
measured without setting up auto rotation, whereas the damping in roll 
with the slotted tips permits of the use of the controls in the normal way. 

In the perfecting of the slotted wing, a wide field is open to those who 
delight in the exploration of new avenues of scientific research and engineer- 
ing development. To such the multi-slotted aerofoil with its steady air 
flow up to large angles of incidence offers every inducement and every 
possibility. 

It is particularly fitting that we should deal with such problems of control 
for in so doing we continue to develop that branch of the flying art of which 
the foundations were so well and truly laid by the pioneer work of Orville 
and Wilbur Wright. 


SECTION II 
TYPES OF AIRPLANES 


Airplanes may be divided into two general types, biplanes and 
monoplanes, for, although planes with more than two wings have been 
built and flown, only the two mentioned have survived, with a tendency 
for more monoplanes than formerly. Many biplanes now use wings of 
practically equal length, or spread, but these vary, usually toward a 
longer upper wing but not in all cases. An exception is the “‘sesqui” or 
short underwing, less than half the length (Fig. 3) of the upper wing. 
One object of this construction is to obtain a substantial support for 
the bracing of the upper wing, this being accomplished by making the 
lower wing a cantilever beam and supporting the upper wing from 
the ends of the lower or half wing. 

There are three types of monoplanes, known as the “‘high-wing, mid- 
wing, and low-wing monoplanes.”’ As the names imply, the location 
of the wings gives the name of the type. The high-wing monoplane is 
most popular at present, but there are more low-wing planes being 
built than formerly. The mid-wing plane has not, as yet, found great 
favor owing to the structural problems involved. Where high wings 
are supported above and clear of the fuselage they are sometimes known 
as ‘“‘parasol”’ planes. 

Both high-wing and low-wing planes are built with cantilever wings 
and with braced wings as well, the latter being a new development in 
the case of the low-wing plane. The cantilever type of wing requires 
no external bracing, its construction including all necessary strength 
within the wing itself. In the case of all metal wings, such as the Ford, 
the wing covering itself adds strength to the structure, making it, in 
effect, a large metal tube of special cross-section. The same things 
hold good to a degree, with the Fokker wing where the entire outer 
covering of the wing is of wood veneer. With cloth-covered wings, 
however, the required strength must be in the wing beams, ribs and 
bracing. 

10 
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With the cantilever type of wing there is no external bracing to offer 
resistance to the wind. Most high-wing monoplanes, however, use 
the braced wing, the braces running from a suitable point under the 
wing to the bottom of the fuselage structure; the load on the braces 
being taken by a cross-member under the fuselage. Some low-wing 
planes are also resorting to braces, these going from the wing to the 
upper part of the fuselage structure. This is not considered by some 
engineers to be as good a construction method as the other, but only 
time and experience will tell which is to survive. 

With the mid-wing type of monoplane the cantilever construction 
can only be used by special fuselage design, and bracing at both top 
and bottom is usual. Here again, only experience will give us the 
outcome. 

There are no fixed opinions as to the relative advantages of the differ- 
ent types of planes. In general, however, it seems safe to say that 
the biplane has a slower speed in taking-off, in the air and in landing, 
than the monoplane, power and other conditions being equal. The 
biplane seems to be a littler better suited for load carrying and landing 
and taking-off in small fields. The monoplane, on the other hand, is 
faster, owing to less wind resistance, but landing at higher speed, 
must have a larger landing field than a biplane of equal capacity. 

In general, according to Chief Engineer Wright of the Curtiss 
Company, the biplane can be built lighter than a monoplane, because 
of better trussing arrangement, and is likely to exceed in airfoil efficiency. 
It falls short, however, in general aerodynamic efficiency and in overall 
fineness, which he feels gives the monoplane the advantage, particularly 
when cantilever or internally braced wings are used. The biplane has 
the advantage of compactness owing to the smaller span that is possible. 
He considers the externally braced monoplane as a compromise between 
the biplane and internally braced monoplane. The externally braced 
monoplane is an American development and has much to commend it. 
Among the disadvantages of the biplane is the use of brace wires on 
which ice frequently collects to a dangerous extent. 

Each type of monoplane has its advocate. The high wing is less 
liable to damage and gives full vision beneath the plane, in all directions. 
Upward vision is, however, not so good, and this is a disadvantage in 
watching for other planes in taking-off and in landing. The low-wing 
plane gives perfect vision overhead and, as usually constructed, all the 
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vision below that is necessary; the view being clear ahead of the pilot’s 
seat. 

Another advantage is claimed for the low wing, that of assisting a 
landing by the cushion of air between the wing and the earth. In some 
experimental planes, the angle of the wing has been made sufficient to 
have this air cushion act as an effectual brake in landing. In order to 
avoid damage to the wings in landing in rough country it is customary 
to give the wings considerable dihedral angle, which also assists in 
making the plane stable. Although comparatively few low-wing 
planes have been built in this country, the type has proved very suc- 


Fic. 1.—Wright plane at Fort Myers, 1908. 


cessful abroad. New planes of this type are now under way by Ameri- 
can builders. 

Examples of the various types of planes will be found on pages 16 to 30. 

In view of the development that has taken place in aviation since 
the Wright brothers first flew at Kitty Hawk it is well to look back 
to the early planes, such as the early Wright machine in Fig. 1, which 
was flown at the Army trials at Fort Myers, near Washington in 1908 
and compare it with the later planes, some of which are being built in 
comparatively large quantities. With skids for landing gear and 
launched with a sort of catapault, with two pusher propellers running 
in opposite directions, one having a crossed chain for that purpose, 
and controls in front except for the warping of the wings as ailerons, 
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these machines not only flew, but flew so well that skeptics were con- 
vinced and the airplane had begun to work its way into the world’s 
transportation system. 


Fic. 2.—Cierva Autogiro in flight. 


Fic. 3.—Bellanca ‘‘Sesqui’’ plane, Roma. 


Inventors have dreamed of planes that would rise vertically and so 
eliminate the necessity for long landing fields, and helicopters of 
various types’ have been tried, without noticeable success. A modi- 


14 


THE AIRCRAFT HANDBOOK 


1 ~Aileron 
2 Angle of landing 
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Fig. 4.—Typical biplane with parts named. 
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fication of the helicopter has, however, made several successful flights 
in Europe, and in this country, the plane being shown in Fig. 2. This 
plane, which is known as the Cierva Autogiro, does not rise vertically, 
nor does it get into the air quickly, but it lands in a comparatively 
small field. It has a small low wing and the usual propeller in front. 
The main support in the air, however, comes from the revolving wings 
that are in the form of a large four-bladed propeller. This propeller 
is not driven by the engine as might be supposed, but turns freely in 
the air when the machine is in flight. In starting it is necessary to get 
the revolving wings in motion either by hand, with a motor, or by 
taxiing around the field until they revolve fast enough to perform 
their lifting and sustaining function. It is still an experiment. Other 
experiments are being tried, such as biplanes with wings whose relative 
positions can be changed in flight or in landing so as to more or less 
control speed both in the air and in landing, which is still the major 
problem of flying. Structural changes are also taking place in planes 
of standard designs, and many changes are yet to come. 

A careful study of the diagram, Fig. 4, will give a good general idea 
of the construction of the average biplane and show the terms used to 
designate different parts. It will also indicate what is meant by such 
terms as ‘‘sweep back,” “dihedral,” ‘‘stagger,’’ and other terms in 
general use. A study of the various planes illustrated will show the 
wide difference in design and in the arrangement of the wings and 
other parts. It will be of especial interest to note the change since 
the first Wright plane as shown. 


COMMERCIAL AIRPLANES 
The commercial airplane, in the terse language of William B. Stout: 


... must support itself in the air financially as well as mechanically. 
Unless it can pay a dividend it has no place in business. Heavy loads at 
high speed with low horsepower are necessary, if this combination can be 
secured with safety. But the safety fundamental must be solved before 
pay load per horsepower can be considered. 


Here is where opinions differ as to single- or multimotored planes. 
Single-motored planes are probably somewhat more efficient in load- 
carrying capacity than planes having three motors, which accounts for 
the large number of single-motored planes in use. Many feel, however, 
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Fie. 5.—Acromarine-Klemm AKL-26. 


Wing span, 40 feet 

Wing area, 210 square feet 
Weight empty, 935 pounds 
Useful load, 595 pounds 
Pay load, 232 pounds 


High speed, 95 m.p.h. 

Cruising speed, 85 m.p.h. 

Loading speed, 37 m.p.h. 

Rate of climb, 450 feet per minute 
Cruising range, 510 miles 


Fic. 6.—Bellanea CH plane. 


Wright Whirlwind engine 
Wing span, 46 feet, 4 inches 
Length, 27 feet, 9 inches 
Height, 8 feet, 6 inches 

Wing chord, 6 feet, 7 inches 
Wing area, 273 square feet 
Aileron area, 26 square feet 
Stabilizer area, 27 square feet 
Fin area, 7 square feet 
Elevator area, 17 square feet 
Rudder area, 15 square feet 
Weight empty, 2,000 pounds 
Pay load, 1,300 pounds 

Total with fuel, pilot etc., 4,050 pounds 


Fuel capacity, 90 gallons 

Oil, 6 gallons 

Miles per gallon cruising speed, 9.5 gallons 

Maximum speed, 126 m.p.h. 

Cruising speed, 105 m.p.h. 

Landing speed, 46 m.p.h. 

Range, maximum speed, 600 miles, with 90 
gallons of fuel 

Range, cruising speed, 800 miles. With 90 
gallons of fuel 

Range, economical speed, 900 miles. With 
$0 gallons of fuel 

Ceiling, absolute, 16,000 feet 

Service ceiling, 15,000 feet 


TYPES OF 


AIRPLANES i 


“I 


Fic. 7.—Boeing passenger transport. 


Upper wing span, 80 feet 

Upper wing chord, 120 inches 
Lower wing chord, 84 inches 
Stagger, 8 degrees 

Dihedral angle, 2 degrees 

Length, overall, 55 feet 

Height, overall, 14 feet, 8 inches 
Wing area, with ailerons, 1,200 square feet 
Total aileron area, 107 square feet 
Total stabilizer area, 79 square feet 
Total elevator area, 67 square feet 
Rudder area, 36 square feet 


Fin, 25.6 square feet 

Weight empty, 9,229 pounds 

Useful load, 6,045 pounds 

Number of passengers, 12 pounds 

Weight loaded, 15,274 pounds 

High speed, 128 m.p.h. 

Landing speed, 55 m.p.h. 

Wing load, 12.5 pounds per square foot 

Power load, 9.69 per horsepower 

Power equipment, three Hornet engines, 525 
horsepower each 


Fria. 8.—Curtiss Robin. 


Cruising speed, 85 m.p.h. 
Landing speed, 40 m.p.h. 
Service ceiling, 11,500 feet 
Fuel capacity, 50 gallons 
Gal. per hour, cruising speed, 
Cruising range, 600 miles 


Wing span, 41 feet 

Length, 25 feet, 9 inches 

Height, 7 feet, 10 inches 

Wing area, 245 square feet 

Weight, 1,489 pounds 

Pay load, 328 po 

Maximum speed with 90 horsepower engine, 
101 m.p.h, 


7 gallons 
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Fic. 9.—Eaglerock with OX-5 motor. 


Wing span, 36 feet, 8 inches High speed, 100 m.p.h. 

Length overall, 24 feet, 11 inches Cruising speed, 85 m.p.h. 

Height, 9 feet, 10 inches Service ceiling, 9,000 feet 

Wing area, 330 square feet Fuel capacity, 46 gallons 

Weight, empty, 1,459 pounds Normal range, 540 miles a: 

Cockpit load, 340 pounds Normal fuel consumption at cruising speed, 
Gross weight, loaded, 2,442 pounds 7.2 gallons 


Fie. 10.—Fairchild No. 71 high-wing monoplane. 


Seven passenger, folding wings Wing area, 332 square feet 
Wing span, 50 feet; wings folded, 14 feet Wasp engine, 410 horsepower at 1,900 r.p.m. 
Length, land, 33 feet Fuel system, three tanks, 160 gallons 
seaplane, 37 feet 

f Landplane Seaplane 
WielghtFempt yar ctae® os hice eee 2,785 pounds 3,135 pounds 
Wisposablesoad sy ys acta. cicnh wom ete 2,715 pounds 2,365 pounds 
CGTOSB INCISED Tas wre sere 20 yes one Rec anes 5,500 pounds -: 5,500 pounds 
ELI SDF SDEEC corn aunaystance cartel Sei eR IS eee 138 m.p.h. 128 m.p.h. 
MVanding SHO msc ism acento meee ess 55 m.p.h. 55 m.p.h. 
Cruising (1,650 r.p.m.)............ iat aN 110'm.p.h. 102 m.p.h. 
DOrvice celine set oak eh cie tie Bes 17,500 feet 17,000 feet 
LGeTTEN Gb sk goad oapedon ssn gun dbos 1,050 feet per minute 900 feet per minute 
Climpane10minutes; »...cases aeeeieeiee 7,000 feet 6,500 feet 


Cruising range (1,650 r.p.m.)........... 900 miles 850 miles 
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Fria. 11.—Fokker super tri-motor. 


Wing span, 79 feet, 3 inches Oil, 30 gallons; 230 pounds 
Length, 50 feet Crew of two, 340 pounds 
Height, 12 feet, 8 inches Pay load with full tanks, 2,250 pounds 
Wing area, 850 square feet Pay load, 414 hours range, 3,000 pounds 
Weight empty, with standard equipment, Total useful load, 5,000 pounds 

7,500 pounds Total plane and load, 12,500 pounds 


Gasoline, 370 gallons; 2,180 pounds 


PERFORMANCE WITH FULL LOAD ; 
On Two Engines 


Three Engines Only 
MDCCOAbIBOAICVOEL. oon tots cies tives eee tes 145 m.p.h. 118 m.p.h. 
GTIVISIN GIEDCCOMT hyde cud taeains Mekele le denne 125 m.p.h. 104 m.p.h. 
BANG Gus DCCC aN cs caer fay tiee RN chee vce eke el esas 55 m.p.h. ; 
OlimipkatwsenwWevelicos cml sae odes nce s 1,400 feet per minute 640 feet per minute 
Serua COLCOIIN Seen eee ethan Ghia s obs 18,000 feet 


Range at gasoline consumption of 55 gallons per hour, 634 hours, 800 miles. 
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Fic. 12.—Ford tri-motored transport Model 4-AT. 


GENERAL DIMENSIONS 


Span, 68 feet, 10 inches Height, 12 feet, 8 inches 
Length, 49 feet, 0 inches Wheel tread, 15 feet, 4 inches 
Area wings, 740 square feet 


PERFORMANCE 


High speed, 110 m.p.h. Radius of action (cruising), 500 miles (5 
Cruising speed, 100 m.p.h. hours) 
Stalling speed, 59 m.p.h. 
Data 
Weight empty, 5,200 pounds Gasoline capacity, 230 gallons 
Useful load, 4,000 pounds Wing load per square feet, 12.45 pounds 
Total weight loaded, 9,200 pounds 
Two Engines Three Engines 

Power load (pounds per horsepower)........ 23.0 pounds 15.3 pounds 

Cabin Width, 4 feet, 6 inches Passenger accommodation, 335 cubic feet 

capacity ; Height, 5 feet (Seats for 12—removable—Baggage hold, . 


Length, 15 feet Toilet, Etc.) 


i) 
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Fria. 13.—The Ireland flying boat. 


SPECIFICATIONS 


Span upper wing, 40 feet Propeller, Curtiss-Reed 
Span lower wing, 34 feet Fuel capacity, 65 gallons 
Chord, 5 feet, 6 inches High speed, full load, 110 m.p.h. 


Length overall, 30 feet, 6 inches Cruising speed, full load, 85 m.p.h. 

Hull beam at forward step, 5 feet Landing speed, full load, 46 m.p.h. 

Weight empty, 2,250 pounds Ceiling, 12,000 feet 

Pay-load, 750 pounds Climb at sea level, full load, 650 feet per 
Useful load, 1,858 pounds minute 


Normal gross weight, full load, 3,608 pounds Take-off from water, full load, 25 seconds 
Engine, Wright Whirlwind 
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Fic. 14.—Keystone pathfinder. 


SPECIFICATIONS 
Length, 45 feet, 0 inches Crew, 2 
Span, 75 feet, 0 inches Passengers, 10 
Height, 15 feet, 6 inches Mail and baggage, 300 pounds 
Wing Area, 1,140 square feet Total pay load, 2,460 pounds 
Wing Curve, Gottingen 398 Useful load (including 2,025 pounds fuel), 
Wt. Empty, 6,900 pounds 4,485 pounds 
Wt. Loaded, 11,500-13,500 pounds Range, 750 miles 
PERFORMANCE DATA 
A 3 Wright 3 Pratt and 3 Wright 
Power plant J-5 Whitney ‘‘Wasp”’ Cyclone 
TROtALAOPSOPO WED sacra, phot nies hia cre Seas 660 EH a3 1,575 
LICE) TW Cg carded oe en eee ean eS ae EE 1,800 1,900 1,920 
Hewhespeedsanep cise. eos ie kien arnt 115 140 150 
Landing speed, m.p.h ard 50 54 55 
Initial rate of climb, feet per minute...... 600 1,050 1,350 
Dervice ceiling, feeb... eins sem slee ee si 10,000 18,000 20.000 
Absolute ceiling, feet. ... 6.60.0. a 12,000 20,000 22,000 
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Fie. 15.—Lockheed Wasp—Vega monoplane. 


High speed, 170 m.p.h. 

Cruising speed, 135 m.p.h. 

Landing speed, 55 m.p.h. 

Climb at sea level, 1,500 feet per minute 

Service ceiling, 17,250 feet 

Gasoline consumption, at cruising speed 
average, 7 to 8 miles per gallon 

Cruising range, 700 to 800 miles 

Total wing area, 275 square feet 

Wing span, 41 feet 

Length, 27.5 feet 

Weight, em»nty, 2,050 pounds 

Normal pay load, 1,090 pounds 


i 


Seating capacity, five including pilot 

Gross weight, 3,675 pounds © 

Gasoline capacity, 100 gallons 

Oil capacity, 10 gallons 

Cabin space, 100 cubic feet 

Baggage compartment, 20 cubic feet 

Fuel system, Gravity from two 50-gallon 
tanks in wing outside of fuselage 

Wing, full cantilever. Plywood covered 

Wing attachment, safety factor of 27 

Control surfaces, plywood covered, operated 
by internal control mechanism 
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Fig. 16.—Keystone—Loening Amphibian. 


Span, overall, 46 feet, 8 inches Pay load (with 140 gallon fuel), 1,100 pounds 
Length, overall, 34 feet, 8!4 inches Passengers, 6 
Height, overall on wheels, 13 feet, 2 inches Crew, 2 
Chord of wings, 6 feet Disposable load, 1,950 pounds 
Wing area, including ailerons, 517 square Gross weight, 5,900 pounds 

feet Engine, Wright ‘‘Cyclone,’’ 525 horsepower 
Airfoil, Loening 10A Power loading, 11.25 pounds per horse- 
Weight empty, with electric starter, etc., power 

3,950 pounds Wing loading, 11.4 pounds per square foot 

PERFORMANCE 

High speed, 130 m.p.h. Ceiling, 15,000 feet 
Cruising speed, 105 m.p.h. Range at cruising speed (140 gallons), 550 


Landing speed, 55 m.p.h. miles 


TYPES OF AIRPLANES 


‘Span—open, 30 feet, 0 inches 
Length—overall, 23 feet, 11 inches 
Span—folded, 9 feet, 10 inches 


Fie. 17.—Gipsy Moth landplane. 
Height—overall (tail skid on ground), 8 feet, 


916 inches 


85-100 HorszrrpowmnrR Dr HaviLLAND Gipsy ENGINE 


At fully loaded 
weight of 1,350 lbs. 


At fully loaded 


weight of 1,650 lbs. 


Mull’speed:at ground level; 0h. cc ween 
Full speed at 5,000 feet...........5... 
Cruising speed atl, OOO mt ee. ceynai d.0e veneers 
Stalling speed 
Get off and landing 
Wbengthiofrun-tostake Office. 21. «en soe pe cnee 
Length of run landing........... 
Height at 500 yards from standstill. . 
Gliding angle......... 
Climb 
Rate of climb at ground level. 
PLIMestOwo, OOOMeCCt ne ice sera ee = ee oer 
MeO. LOLOOO! feetierar cnr rtd ec peace tete 73 
INDRSOLUPElCellin graeme tsa. caesar 
Range 


103-105 m.p.h. 
100 m.p.h. 
85-90 m.p.h. 
40 m.p.h. 


80 yards 
100—120 yards 
130 feet 

lin 8 


700 ft./min. 
9 mins. 

21 mins. 
18,000 feet 


102 m.p.h. 
97 m.p.h. 
80-85 m.p.h. 
44 m.p.h. 


100-110 yards 
120-130 yards 
80 feet 


500 ft./min. 
13 mins 

35 mins. 
14,500 feet 


At a true speed of 80 m.p.h. the range varies from 414 hours to 5 hours, according to height— 


giving 360 to 400 miles. 


Performance figures given in Column 1 for total weight of 1,350 lbs. represent machine 


with pilot and passenger only. 
mum total weight of 1,650 lbs. 


WerIGHTS 


Net weight, 900 pounds 
Crew at 160 pounds each, 320 pounds 
Fuel—19 gallons, 140 pounds 


i 


Oil—2 gallon 19 pounds 
Luggage (to make up max. total weight), 271 


pounds 


Those in Column 2 represent machine loadéd up to maxi- 
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Wing span, 34 feet, 3 inches 
Length, 20 feet 

Weight empty, 1,100 pounds 
Useful load, 7,000 

Chord, 60 inches 

Fuel capacity, 54 gallons 

Oil capacity, 5 gallons 


Fria. 18.—Simplex mid-wing Red Arrow. 


Speed, maximum, 125 m.p.h. 
Speed, cruising, 110 m.p.h. 
Speed, landing, 38 m.p.h. 
Take off, 100 to 150 feet 
Climb, 1,000 feet per minute 
Ceiling, 18,000 feet 

Cruising radius, 7 hours 


Fria. 19.—Stearman four-place coach. 


Wing span, upper, 35 feet 

Wing span, lower, 28 feet 

Total wing area, 297 square feet 
Length, 24 feet 

Height, 9 feet 

Wheel tread, 7 feet, 6 inches 
Cargo space, 30 cubic feet 
Weight, light, 2,565 pounds 


Weight loaded, 4,270 pounds 
Fuel capacity, 110 gallons 
Oil capacity, 10 gallons 
Maximum speed, 135 m.p.h. 
Cruising speed, 115 m.p.h. 
Landing speed, 47 m.p.h. 
Service ceiling, 16,000 feet 
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Fic. 20.—Stinson monoplane. 


Stinson Detroiter 


. : Junior 
Stinson tri-motor 100 h.p. 
300 h.p. 200 h.p. 
Type of plane.. ....| Monoplane Monoplane |} Monoplane | Monoplane 
Number of seats installed... .. 14 6 6 4 
IPoweraplante oc i ae ne 3J6 Wright Wright Wright Warner 
Length of cabin. oc 66. ice 15 feet, 5 inches 100 inches | 100 inches | 84 inches 
Héight of cabins. oes G nie 66 inches 51 inches 51 inches 47 inches 
IWadthtof (cabin? ere. ny) es 46 inches 40 inches 40 inches 37 inches 
Wingespread wese we cabs caclos 72 feet, 4 inches 45 feet, 10 | 45 feet, 10|41 feet, 6 
inches inches inches 
Wing area in square feet...... 785 292 292 236 
Wiltieachordrce marr sis. 13 feet, 9 inches to | 84 inches 84 inches 75 inches 
8 feet, 4 inches 
Wengthrof planes vena. <.0 2: «* 46 feet, 8 inches 32 feet 32 feet 26 pect 3 
; inches 
Heightiofiplane.).5.cce.aise <0 11 feet, 8 inches 102 inches | 102 inches | 93 inches 
Weight of plane empty, in 
OUD CHa eters ee eee: 5,900 2,400 2,400 1,550 
Weight with normal load in 
pounds. . ..| 10,850 4,100 4,300 2,500 
Weight with | design load in 
DOUNCS Ste ee has Hacer 12,500 4,300 4,500 
Useful normal load in pounds| 4,950 1,700 1,900 950 
Normal pay load in pounds....} 2,575 930 1,130 
Cruising speed, miles per hour. Alte 115 105 90 
High speed, miles per hour..... 135 eo 125 105 
Landing speed, miles per hour 60 56 56 46 
Climb at sea level, per minute.|.............+++- 1,000 feet 800 600 feet 
Gress ceiling with maximum 
ibd tcc Ges tha. dare ose tic chet || eR AIRE aac 17,000 feet | 14,000 feet | 13,500 feet 
Gliding BUGIS rom tiene aie 6 to 1 6 tol 6 to l 6 tol 
Gasoline capacity............ 300 gallons 90 gallons | 90 gallons | 45 gallons 
Oiicapacityn ee ee 30 gallons 6 gallons 6 gallons 416 gallons 
Conservative cruising range | 700 miles 750 miles 750 miles 500 miles 
Fuel consumption hourly, 
criussing speedh..a. suet a 45 gallons 15 gallons 12 gallons | 7 gallons 
Oil eopeeiap ion: per ey 
cruising speed... ‘ .| 1 gallon 1 quart 1 quart 1 quart 
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Fic. 21.—Travel air, Type 10 four-place, cabin monoplane. 


Overall span, 43 feet, 6 inches Wing area, 240 square feet r 
Overall length, 27 feet, 6 inches Wheels, 30 by 5 inches with 32 by 6-inch 
Overall height, 8 feet, 8 inches tires 


Wing chord, 74 inches 
PowkER PLANT 


Curtis challenger 170 horsepower or, Wright, Type R-760, 225 horsepower 


CAPACITY 
Four occupants and 50 pounds baggage 


Fie. 22.—Waco 10. 


Wing span, 30 feet, 7 inches Cruising speed, 118 m.p.h. 
Length, 23 feet, 6 inches Landing speed, 40 m.p.h. 
Height, 9 feet, 3 inches Service ceiling, 18,000 feet 
Wing area, 286 square feet Fuel capacity, 65 gallons 
Total weight, ee er bes Gallens per hour, 12 gallons 
Pay load, 600 pounds Seating capacity, 3 persons 


Maximum speed with 200 horsepower 
motor, 135 m.p.h. . 
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Fic. 28.—Passenger cabin of Loening amphibian. Pilots are in a separate 
compartment in front. 


Fia. 24.—Passenger cabin of Ford monoplane. Door to pilot’s compartment is 
open. 
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Fig. 25.—Looking from the pilot’s compartment at passenger’s cabin of a Boeing 
transport plane. 


that the added safety of the three-motored plane, that can fly on two 
motors, makes that type more desirable for commercial transport work, 
especially where passenger carrying is an important item. 

To show what is being done in commercial airplanes, in which is 
included those for personal use, we illustrate a number of planes now 
being built and give the leading dimensions. Approximately, the 
same differences and similarities will be noticed as with the same 
number of automobiles. Cabin fittings and the outside of the planes 
are following color combinations in much the same way as their counter- 
parts in service on the roads. 

Airplanes are following the automobile in body design as to open 
and closed machines. At present the open-type cockpit prevails in 
the majority of planes built but there is an increasing number of 
closed-cabin planes, both for two-passenger planes and for those of 


large carrying capacity. This is equally true for both land and sea 


planes. 
\ 


be 
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One great difference, however, is that, in many cases, motors of 
different makes or horsepower can be used in the same plane. Where 
a motor is mentioned it represents regular equipment at the time the 
information was secured, but in most instances almost any make of 
motor of similar power, or of higher power, can be substituted for the 
one named. 

The interiors of two or three typical large planes will show the ten- 
dency at present. The first, Fig. 23, is the Loening amphibian showing 
the passenger compartment and the door leading to the cabin for the 
two pilots, or pilot and mechanic. Figure 24 is a large Ford plane for 
passenger carrying while Fig. 26 is a similar plane built by the Boeing 
Company. Comparing these with the early Wright machine on page 
12 will give some idea of the advances that have been made. Comfort- 
able seats, baggage racks, and individual reading lamps indicate 
approach to real, commercial transportation. 

Air traffic is growing so rapidly that statistics become obsolete with 
amazing rapidity. Some idea of this growth can be had from the 
following table on the air-transport mileage of the world up to 1927. 
The second table is for privately operated mail routes in the United 
States for the year ending June 30, 1928. 

Records, both for speed and endurance, are broken with such 
regularity that it is useless to cite them here. They are widespread as 
to nationality. De Pinedo’s 60,000-mile Trans-American flight cover- 
ing almost the entire world except the Pacific ocean, is still a 
marvel of endurance. The continuous flight of over 6 days without 
landing, by the Army. Fokker, known as the Question Mark, was a 
triumph of organization, of careful planning, of splendid flying by the 
pilots of both the Question Mark and of the plane from which it was 
refueled, both day and night. And this now only notable as being the 
first long, refuelling flight, as the time in the air has since been nearly 
trebled. The effect of refuelling in flight on commercial aviation 
remains to be seen. 
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TaspieE 2.—MILnAGE AND TRAFFIC STATISTICS FOR PRIVATELY OPBPRATED 
Arr-MAiL Routes wITHIN THE UNITED States, ror YEAR ENDING 
JuNE 30, 1928 


(Compiled from Post Office Department figures) 


Pounds Mail Airplane- 

Date | of mail revenue to | miles flown 

| carried operator with mail 

uly OD reece hese A retry ee 99,589 | $ 250,891 375 , 923 
ENTICULS Utes Soe es ae etc ee eee 102 ,051 258 , 963 376 ,998 
DEP COMO Cla sentra aoe yet ae 146 , 486 312,810 444 519 
OCCODer Ate. ee ea soe ee | 153 , 649 329 , 532 449 , 562 
Novem bers wrrme ett si rcs ohsk 141,992 304 , 083 413 ,054 
December......2... ps SESE 165,768 SS) Hap 402 , 267 
anaryvael 2 Sic me en) a ceesl 144 ,289 300,281 431,310 
HIG EAT Renmei tari Sac seis. a 1538 ,363 329 , 380 450 ,058 
NTSC sean nt eR eer SNe 173 ,929 368 , 191 523 , 287 
ANTON Ue heen cee ated oe ema 171 ,028 359, 182 513,144 
Mayan ts: Sait tase SO Tae arate 199 , 409 425,565 616,179 
June.. ny Seni BAO 210,957 447 ,642 595 , 054 
Totals for year. San .| 1,862,510 | $4,039,773 5,591,355 

Increase over previous years, per 

CONE a ea ree Mic ici Book. os 265 205 115 


SECTION III 
RIGGING AND SERVICING THE PLANE 


Careful investigation of airplane accidents show that less than 20 
per cent can be attributed to mechanical failure of either the engine 
orplane. The rest are due to failures of the human element in handling 
the plane or in bad judgment as to weather conditions. Considering 
the demands made on a plane and its engine the record speaks well 
for the design, construction, and maintenance of the modern plane. It 
also imposes a great responsibility on those whose duty it is to keep 
engines and planes in serviceable condition. Such service work 
demands a thorough knowledge of the modern plane and a conscientious 
endeavor to do the most careful and painstaking work. The airplane 
is no place for a “good enough” job. Every piece of material must 
be without flaw. Every adjustment must be as near right as it can 
be made, as failure may mean injury or death to pilot and passengers 
and hurts aviation. 

It is particularly important that no change be made in the adjustment 
of engines or planes by those who are not thoroughly familiar with them. 
There have been cases where carbureters have been adjusted to reduce 
gas consumption until the lean mixture caused overheating of the engine 
and a forced landing. Such adjustments should be made only by 
those who are experienced in servicing modern planes. Careful work 
in servicing engines and planes will reduce the accidents due to mechani- 
cal failures, well below to present 20 per cent mark. 

With the coming of steel tubing and of other metals into airplane 
construction, much of the care that was formerly necessary in looking 
after the woodwork and the connections between the longerons and 
braces and struts has disappeared. Some woodwork remains in the 
shape of interplane struts in some cases, although many of these are 
now of steel with wood fairing, and wing spars or beams are still wood 
in many cases. Precautions against rust or other \deterioration, 
and cracks and loosening of welded or riveted joints, have replaced 
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the inspection of wooden parts. Rust-resisting coatings are being 
used successfully by many builders. 

Plane construction is also using more struts in place of wire, but 
wires still prevail in many constructions and also for controls and other 
purposes, so that wiring and fittings still play an important part in 
caring for planes in service. The turnbuckle is still used almost 
universally for adjusting the tension of any wire to suit the machine 
to changing conditions. Airplane turnbuckles are specially designed 
and made with right- and left-hand screw eyes with a connecting nut 
in the center in the shape of a long barrel. These are of steel, and the 
threads should be a good fit in the barrel. They should not be very 
tight nor yet so loose as to make a poor fit and possibly strip the thread 


Fie. 1.—Wiring turnbuckle to prevent unscrewing. 


under tension. Turnbuckles are all locked in position by a soft locking 
wire (usually copper or brass), so that the barrel cannot unscrew, even a 
portion of a turn. This can readily be done by noting which way the 
barrel must turn to loosen and then twisting the wire through the hole 
in such a way that it is held against turning in this direction. Figure 
1 shows how this can be done. 

The rigger must learn to distinguish between the different kinds of 
wire for different purposes and between the grades which are good and 
those which are unsuitable for use in various places. The tables in 
Sec. XI will be found helpful. He should learn the different kinds and 
sizes of loops and their fastenings, the right and wrong ways of making 
loops, and the reasons for both. It will be noted that the ferrule is 
now made of coil wire instead of sheet metal, as was the practice 
some time ago. These ferrules are wound up over suitable mandrels 
in long strips and cut off to suit, ten coils being the length advised in 
most cases. These are more satisfactory in every way, as the sheet- 
metal ferrule was quite apt to split and release the wire of the loop. 
There is some difference of opinion as to the advisability of soldering 
these ferrules, but the tendency is to leave them without solder. This 
is on account of the necessity of using some kind of acid or soldering 

fa 
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paste and the danger of corrosion from this source. The joints are 
all covered with some waterproofing compound to prevent the gathering 
of moisture inside the ferrule. 

These loops are necessary whenever a wire is connected to a fitting 
or to a turn buckle, and this means that a large number are used in 
every machine. For this reason, it is advisable to become expert in 
loop making as soon as possible, as this will save much time when it 
comes to fitting up a machine or to repairing damages. One of the 
first requirements of a looped connection is that it shall not slip and 


Fic, 2.—Beginning the splice. ¢ 


so change the length of the wire connecting two points, as this affects 
the tension and may throw one or more parts out of balance. 

It takes practice to make good loops in single wires and more practice 
to splice a cable around a thimble as in Fig. 2. This shows the begin- 
ning of a splice, special tools being required to hold the cable around the 
thimble and to open the strands for weaving in the wires. The 
clamp used is shown in Fig. 3, the thimble being held and the cable 
around it being held as shown by the screw at the right. The workman 
is threading the wires through the opening in the cable where the wires 
have been spread apart with an awl-pointed tool. <A splice of this 
kind can be made at the bench in about 20 minutes but it requires 
30 minutes to do this on the plane. ‘, 
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The best loop, according to American practice, 


is shown at A in 


Fig. 4. The loops at B and C are not good as they will change shape 


under tension. Turn-buckles and all fittings 
which are concealed by the fuselage and planes 
should be well protected against rust by special 
varnish, and are usually wrapped with tape. It 
is also important to know the qualities of wire, 
which must not be too hard or too soft. A 
practical test is as follows: 

Take three pieces of wire of the same gage 
and about a foot long, selecting one which is 
too soft, one too hard, and the third of the 
right quality. Clamp in a vise near a window, 
polishing the wires so as to show light reflections 
more clearly. 

Bend the wire over sharply and as far as possible. 
The soft wire will flatten out somewhat, as may be 
told by noting that the band of light on the wire 
has broadened out at the bend. The hard wire 
will probably show slight cracks or a roughness of 
the surface—the beginning of cracks to be devel- 


Fie. 3.—Clamp used 
in) Bigy 2: 


oped later. The right wire will show a slightly broader band of light 
but will not show the slightest roughness of surface. Repeating this 


Gage Bar Meevaa Coils - gl 


A B 
Fig. 4.—Good and bad wire loops. 


experiment a few times will show you the good and bad wire and will 


prove helpfulan many ways. 
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No wire should be used which is damaged in any way. That is to 
say, it must be wnkinked, rustless, and unscored. 

All wire must be kept in good condition. Where outside wires are 
concerned, they should be kept well greased or oiled, especially where 
bent over at the ends. In the case of internal bracing wires which 
cannot be reached for the purpose of regreasing them, they should be 
protected from rusting by painting. The wire must be perfectly 
clean and dry before painting. A greasy fingermark is sufficient to 
keep the paint from sticking to the wire. 

Tension of Wires.—The tension to which the wires are adjusted is 
of the greatest importance. All the wires on the airplane should be of 
the same tension. There is a tendency to tension the wires too much. 
The tension should be sufficient to keep the framework rigid. Anything 
more than that spoils the factor of safety, throws various parts of the 
framework into undue compression, tends to distort the fittings, and 
may, in the end, distort the whole framework of the airplane. There is, 
of course, less likelihood of this with the steel frames now in use than 
with wood. 

Only experience can tell what tension to employ and assist in making 
all the wires of the same tension. Learn the construction of the various 
types of airplanes, the work the various parts do, and cultivate a 
touch for tensioning wires by constantly handling them. 

Wires with No Opposition Wires.—In some few cases, there are 
wires having no opposition wire or wires pulling in the opposite direction. 
In such cases, be extremely careful not to tighten suck wire beyond 
taking up the slack. 

They must be a little slack, as otherwise they will distort the 
top spars downward. That will spoil the camber (curvature) of 
the plane and result in changing both the lift and drift at that part 
of the plane. Such a condition will cause the machine to lose its 
directional stability and also to fly one wing down. This matter of 
tension is of the utmost importance. 

Stranded Wire Cables.—No splice should be covered with twine or 
other wrapping until it has been inspected and passed by whoever is in 
charge of the work. When a strand becomes broken, the whole cable 
should be immediately replaced with a new cable. Control cables 
wear out where they run around pulleys, and any sign of fraying 
should be attended to at once. The cables should be inspected after 
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every flight, particularly where they run around the pulleys, and nothing 
but good cable should be used on the machine. 


STRESSES IN WING WIRING 


The ordinary set of biplane wings is trussed together by wires in its 
three dimensions, making it into a pure box girder, but owing to the 
peculiar functions of an airplane’s wings, the different wires employed 
serve widely different purposes. 

It is understood that it is the function of the wings to lift the airplane 
as a whole. Most of the weight is concentrated in the body, and, 
therefore, the problem really is how to transmit the lift exerted by the 
wings to this portion of the airplane. 
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Fia. 5.—Stresses in wiring. 


It will be seen from Fig. 5, at A, that when the machine is progressing 
through the air, the lift exerted on the wings will tend to force them 
upward, while the weight in the nacelle tends to force them downward 
at the center. The net result is that the wings try to fold up from the 
tips inward. The bracing wires prevent this, however. The upward 
pull of the upper spars puts the lift wire A in tension. The lift on the 
lower spars puts the interplane struts into compression, the top spars 
being in compression and the lower spars in tension. 

This being the case, there should be no load on the opposing diagonal 
wires B, when the machine is in the air. They come into play as the 
machine lands and loses its lift and are therefore known as landing 
wires. With the machine resting on the ground, the whole position 
is reversed, the. landing wires B being in tension and the flying wires A, 
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slack. The top spars are then in tension and the bottom spars, in 
compression. The interplane struts remain in compression all the time. 

An airplane wing is not merely subjected to the reaction of lift but - 
also to the reaction of drift or resistance. That is to say, the pressure 
of the air on the machine as it travels through the air reacts in a hori- 
zontal sense and tries to fold the wings backward as well as upward. 
Here the horizontal bracing comes into play, asin Fig. 5,at B. The wires 
C. (known as drift wires) prevent the rear spar from bending backward, 
and the compression struts hold the front spar at the correct distance. 
The opposing diagonal wires D (known as antidrift wires) take the 
strain when the machine is subjected to a sudden loss of forward speed, 
as, for example, when landing on rough ground. 

The spars are also subjected to a bending moment between each 
pair of supports, which is at its maximum at the center point between 
the supports and runs progressively to zero at the actual points of 
support. 

Many airplanes are also fitted with external drift wires running to 
some point at the front,of the machine and external antidrift wires 
running to the rear. 

The third-dimensional bracing serves to hold the upper and lower 
planes parallel to one another and in correct relation to the rest of the 
machine (see Fig. 5, at H). The change of center of pressure on the 
wing curve modifies the relative loads placed on each member of these 
wires, which are known as incidence wires. 

It should be clearly understood that the eee imposed on the 
different wires described are merely those of normal flight. Under 
peculiar circumstances, both in the air and on the ground, the spars, 
struts, and wires may be called upon to resist stresses of a much more 
complicated nature, so that adequate strength must be given to each 
member. 

In order to rig a machine intelligently, it is necessary to have a 
correct idea of the work every wire and every part of the airplane is 
doing. 

The work the part is doing is known as stress. If, owing to undue 
stress, the material becomes distorted, then such distortion is known as 
strain. 

Compression.—The simple stress of compression may produce a 
crushing strain. As an example, the interplane and fuselage struts. 
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Tension.—The simple stress of tension results in the strain of elonga- 
tion. As an example, all the wires are subjected to elongation, 

Bending.—The compound stress of bending is composed of both 
tension and compression; one side is stretched, the other compressed. 

Shear.—Shear stress is such that when the material breaks under it, 
one part slides over the other. As an example, the locking pins. 
Some of the bolts are in a state of shear stress, also, because, in some 
cases, there are lugs underneath the boltheads from which wires are 
taken. Owing to the tension of the wire, the lug is exerting a sideways 
pull on the bolt and trying to break it in such a way as to make one 
part of it slide over the other. 

Torsion.—This is a twisting stress composed of compression, tension, 
and shear stress. _The propeller shaft and crankshaft of the engine 
are good examples. 

Nature of Wood under Stress.—Wood, for its weight, stands the 
stress of compression well. A walking stick of about half a pound in 
weight, will, if kept perfectly straight, probably stand up to a compres- 
sion stress of a ton or more before crushing, whereas, if the same stick 
is put under a bending load, it will collapse under a stress of not more 
than about 50 pounds. Wood must, as far as possible, be kept in a 
state of direct compression. This it will do safely as long as the following 
conditions are carefully observed: 

Conditions to Be Observed.—1. All the spars and struts must be 
perfectly straight. 

Figure 6 shows a section through an interplane strut. If it is to be 
prevented from bending, the stress of compression must be equally 
disposed around the center of strength. [If it is not straight, there will 
be more compression on one side of the center of strength than on the 
other side. That is a step toward getting compression on one side 
and tension on the other side, in which case it will be forced to take a 
bending stress for which it is not designed. 

Even if it does not break, it will, in effect, become shorter and thus 
throw out of adjustment all the wires attached to the top and bottom 
of it, with the result that the flight efficiency of the airplane will be 
spoiled, and an undue and dangerous stress thrown upon other wires, 
as in Fig. 7. 

2. Struts and spars must be symmetrical. By that is meant that 
the cross-sectional dimensions must be correct, as otherwise there will 
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be bulging places on the outside, with the result that the stress will 
not be evenly disposed around the center of strength, and a bending 
stress will be produced. 

3. Struts, spars, etc., must be wndamaged. Remember that, from 
what has been said about bending stresses, the outside fibers of the 
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Fig. 6.—Section of strut. 


wood are doing by far the most work. If these get bruised or scored, 
then the strut or spar suffers in strength much more than one might 
think at first sight, and if it ever gets a tendency to bend, it is likely to 
go at that point. 

4. The wood must have a good clear grain with no cross-grain, knots, 
or shakes. Such blemishes mean that the wood is in some places 
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Fie. 7.—Effect of bent struts. 


weaker than in other places, and, if it has a tendency to bend, then it 
will go at those weak points. 

5. The struts, spars, etc. must be properly bedded into their sockets 
or fittings. To begin with, they must be a good pushing or gentle 
tapping fit. They must never be driven with a heavy hammer. 
Then, again, they must bed down well, all over theit cross-sectional 
area; otherwise the stress of compression will be taken on one part of 
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the cross-sectional area with the result that it will not be evenly disposed 
around the center of strength, and that will produce a bending stress. 
The bottom of the strut or spar should be covered with some sort of 
paint, bedded into the socket or fitting and then withdrawn to see if the 
paint has stuck all over the bottom of the fitting. 

6. The atmosphere is sometimes much damper than at other times, 
and this causes the wood to expand and contract appreciably. This 
would not matter but for the fact that it does not expand and contract 
uniformly but becomes unsymmetrical, 7.e., distorted. This should 
be minimized by varnishing the wood well to keep the moisture out of it. 


Fic. 8.—Length of struts. 


Function of Interplane Struts.—These struts have to keep the 
planes apart, but this is only part of their work. They must also 
keep the planes in their correct attitude. That is only so when the spars 
of the bottom plane are parallel with those of the top plane. The 
chord of the top plane must also be parallel with the chord of the bottom 
plane. If that is not so, then one plane will not have the same angle of 
incidence as the other one. 

It would seem necessary only to cut all struts the same length, but 
that is not the case. Sometimes, as illustrated in Fig. 8, the rear 
spar is not so thick as the main spar, and it is then necessary to make 
up for that lack of thickness by making the rear struts correspondingly 
longer. If that is not done, then the top and bottom chords will not 
be parallel, and the top and bottom planes will have different angles of 
incidence. Also, the sockets or fittings or even the spars upon which 
they are placed sometimes vary in thickness, and this must be offset by 
altering the length of the struts. The proper way to proceed in order 
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to make sure that everything is right is to measure the distance between 
the top and bottom spars by the side of each strut, and, if that distance, 
or gap, as it is called, is not as specified in the rigging diagram, make it - 
correct by changing the length of the strut. When measuring the gap 
between the top and bottom spars always be careful to measure from 
the center of the spar, as it may be set at an angle, and the rear of the 
spar may be considerably lower than its front. 

The measuring of the dihedral angle of wings can be done in two or 
_more ways, the first or string method being the more satisfactory. A 
cord or fine wire is stretched over the top of the wing, as in Fig. 9, and 


Fic. 9.—Measuring dihedral angle. « 


held in several ways. A tripod may be used at one end and a weight 
at the other to keep it taut, or one end may be tied over the edge to a 
strut, or both ends may be secured in this way. Then, with the cord 
bearing on top of the wing at each end, measure the distance between 
the chord and the plane at definite points, taking equal points each 
side of the center panel of the machine. This should be done at both 
the front and back edges of the plane or, more properly, over the two 
main spars of the wing. This is done just as much to measure the angle 
of incidence as to check up the two sides of the machine and see that 
the angles are alike. By keeping notes of these measurements the rigger 
can easily detect any change which may occur. 

Two strings should be used, one over each spar, and drawn very tight. 
The points measured should be just inside the four centér-section struts, 
in other words, as far as possible from the center of the center section. 
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Diagonal measurements are also taken, from similar points on each 
side of the machine. These measurements should be taken from fixed 
points, such as certain distances from the ends of the spars. Many 
take these measurements from the bottom socket of one strut to the top 
socket of another strut, but this is not good practice, as it seldom gives 
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Fig. 10.—Use of dihedral board. 


accurate measurements. By measuring the distance between top 
and bottom planes it can readily be seen whether they are both set at 
the same angle. 

Another method and one which is easier to use, although not usually 
accurate, is by the use of the dihedral board, as shown in Fig. 10. 
This is simply a board cut with the 
proper angle for the dihedral on 
one side. These boards should be 
tested before using, and care must 
be taken that the spar is not warped 
or “set” at the points where they 
are used. For, as these must be used 
on the spars between the struts, 
slight inaccuracies often creep in 
from this source. The bays or sec- 
tions between struts must be care- 
fully measured diagonally as a check 
to the use of the boards. This same type of board is used to measure 
angle of incidence, as shown in Fig. 11, but the level goes on the long, 
straight board. In all cases, be sure the level is accurate. 


Fie. 11.—Measuring angle of 
incidence. 


MEASURING THE STAGGER 


The amount of stagger is measured by dropping a plumb line from 
the leading edge of the upper plane and measuring back, as shown 
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in Fig. 12. This can be measured either horizontally or along the 
line of the chord. Some makers measure one way and some another, 
but the correct way should be shown on the diagram which should 
accompany every plane. This is the only way in which a rigger can 
check up his work as he goes along. The two measurements may 
have as much as a quarter of an inch difference, and while this may 
seem but a trifle, it may be enough to make the machine nose heavy 
or tail heavy, as the case may be. 

If any adjustments are found necessary, and they usually are, they 
should be very carefully made, taking great care not to spring any of 
the important parts, such as the 
wing spars. It is also well to run 
over all adjustments after the last 
one is made to be sure that this has 
not thrown some of the others out 
of place. 

After all other measurements have 
been taken and adjustments made, 
the overall measurements will tell 
whether the machine as a whole is 
in good shape or not. These are 
_ taken as in Fig. 138. The points A 

Fic. 12.—Measuring the stagger of ®0d B are marked on the main spar, 

planes. each the same distance from the 

butt or end next the fuselage. In 

a tractor machine, the point C is the center of the propeller shaft; in 

a pusher, the center of the front end of the machine. From A to C 

and from B to C must, of course, be the same, these measurements 

being taken from both the top and bottom wing of the machine, 
making two measurements on each side of the machine. 

In the same way, mark two points D and E on the rear spars of each 
wing and measure back to a point F in the center of the fuselage or 
rudder post. Here, again, two measurements are necessary on each side. 

Should these measurements not check up as they should, it is possibly 
because some of the resistance or drift wires are not tightened evenly, or 
the fuselage may possibly be out of true. This should, however, have 
been tested before the rest of the measurements were taken. The fault 
must be found and corrected before the machine is in condition to fly. 


Plumb line 
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. A-little study of Fig. 14 will enable the rigger to keep in mind some 
of the main points of the machine. It will be seen that the center of 


Fre. 13.— Measuring trueness of whole machine. 


resistance, or drift, is above the center of thrust, or the center of the 
engine shaft, and parallel to it. The center of gravity is a little for- 


A= Center of thrust 
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Fic. 14.—Location of thrust, resistance, gravity and lift. 


ward of the center of lift so that, with the power shut off, the machine 
vill naturally assume its proper gliding angle, which should give the 


same speed as when flying. 
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As the air comes through the main planes it is deflected downward, 
as shown in Fig. 15. This affects the angle of the tail plane, which 
may either be in line with this downward stream of air or at a lesser 
angle than the main wings. This stream of air affects the fore and 
aft stability of the machine. 


Fic. 15.—How air stream affects the tail surfaces. 


THE STABILITY OF AIRPLANES 


Stability—By the stability of the airplane is meant the tendency 
of the airplane to remain upon an even keel and to keep its course; that 
is to say, not to fly one wing down, tail down, or nose down, or to try 
to turn off its course. 6 

Directional Stability.—By directional stability is meant the natural 
tendency of the airplane to remain upon its course. If this did not 
exist it would be continually trying to turn to the right or to the left, 
and the pilot would not be able to control it. 

For the airplane to have directional stability, it is necessary for it 
to have, in effect, more keel surface behind its turning axis than there 
is in front of it. 

By keel surface is meant everything you can see when you look at 
the airplane from the side of it—the sides of the body, undercarriage, 
wires, struts, etc. Directional stability is sometimes known as 
““weather-cock”’ stability. 

You know what would happen if, in the case of the weathercock, 
there was too much keel surface in front of its turning axis, which is the 
point upon which it is pivoted. It would turn around the wrong way. 
That is just how it is with an airplane. 
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Directional stability will be badly affected if there is more drift 
(v.e., resistance) on one side of the airplane than there is on the other 
side. This may be caused as follows: 

1. The angle of incidence of the main planes or the tail plane may be 
wrong. If the angle of incidence on one side of the machine is not 
what it should be, that will cause a difference in the drift between the 
two sides of the airplane, with the result that it will turn off its course. 

2. In the alignment of the fuselage, the fin in front of the rudder 


Fig. 16.—Air currents around struts. 


must be absolutely correct. For, if it is turned a little to the left or 
to the right, instead of being in line with the center of the machine and 
dead on in the direction of flight, it will act as an enormous rudder 
and cause the machine to turn off its course. 

3. If the dihedral angle is wrong, that may have a bad effect. It 
may result in the propeller not thrusting from the center of the resistance, 
in which case it will pull the machine a little sideways and out of its 
course. 

4. If the struts and stream-line wires are not adjusted to be dead 
on in the line of flight, then they will produce additional drift on their 
side of the airplane, with the result that it will turn off its course. 
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5. There is still one other reason why the airplane may be direc- 
tionally bad, and that is distorted surfaces. The planes are “ cambered,” 
or curved, to go through the air with the least possible resistance. 
If, perhaps, owing to the leading edge, spars, or trailing edge becoming 
bent, the curvature is spoiled, that will change the amount of drift 
on one side of the airplane which will then have a tendency to turn off 
its course (see the struts in Fig 16). 

Lateral Stability —By lateral stability is meant the sideways balance 
of the machine. The only possible thing that can make the machine 
fly one wing down is that there is more lift on one side than on the 
other. That may be due to the following reasons: 

1. The Angle of Incidence May Be Wrong.—lIf the angle of incidence 
is too great, then it will produce more lift than on the other side of the 
machine, and if the angle of incidence is too small, then it will produce 
less lift than on the other side, the result being that in either case the 
machine will try to fly one wing down. 

2. Distorted Surfaces.—If the planes are distorted, then their camber 
or curvature is spoiled and the lift will not be the same on both sides 
of the airplane, and that, of course, will cause it to fly one wing down. 

Longitudinal Stability.—Longitudinal stability means the fore and 
aft balance. If that is not perfectly right then the machine will try 
to fly nose down or taildown. This may be due to the following reasons: 

1. The Stagger May be Wrong—The top plane may have drifted 
back a little, and this will probably be due to some of the wires having 
elongated their loops or having pulled the fittings into the wood. If 
the top plane is not staggered forward to the correct degree, then that 
means that the whole of its lift is moved backward and it will then have 
a tendency to lift up the tail of the machine too much. In such a 
case, the machine would be said to be ‘‘nose heavy ” 

A 14-inch error in the stagger may makea very considerable difference 
to the longitudinal stability. 

2. Incorrect angle of incidence of the main planes will have a bad 
effect. If the angle is too great, it will produce an excess of lift, which 
will lift up the nose of the machine, causing it to fly tail down. If the 
angle is too small, there will be a decreased lift, and the machine will 
try to fly nose down. 

3. When the machine is longitudinally out of balance, the natal 
thing is for the rigger to rush to the tail plane, thinking that its adjust- 
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ment relative to the fuselage must be wrong. This is, indeed, sometimes 
the case, but it is the least likely reason. It is much more likely to 
be one of the first two reasons given, or the following: 

The fuselage may have warped upward or downward, thus giving 
the tail plane an incorrect angle of incidence. If the tail plane has 
too much angle of incidence, it will make it lift too much, and the 
machine will be nose heavy. 

If the tail plane has too little angle of incidence, then it will not lift 
enough, and the machine will be ‘“‘tail heavy.””’ Many modern planes 
have a tail plane or stabilizer, that can be adjusted to different angles of 
incidence. Some can be adjusted in flight. 

4. If the above three points are all correct, then there is a possibility 
of the tail plane itself having assumed a wrong angle of incidence, in 
which case it must be corrected. In such event, if the machine is nose 
heavy, the tail plane should be given a smaller angle of incidence. If 
the machine is tail heavy, then the tail plane must be given a larger 
angle of incidence, but be careful not to give the tail plane too great 
an angle of incidence, because the longitudinal stability of the airplane 
entirely depends on the tail plane being set at a much smaller angle of 
incidence than the main plane, and if you cut the difference down too 
much the machine will become uncontrollable longitudinally, 


ADJUSTMENTS AND INSPECTION 


Control Surfaces.—The greatest care must be exercised in properly 
rigging the aileron, rudder, and elevator, for the pilot entirely depends 
upon them in managing the airplane. 

The ailerons and elevator should be rigged so that when the machine 
is in flight they are in a fair line with the surface in front and to which 
they are hinged, as in Fig.17. 

If the surface to which they are hinged is not a lifting surface, then 
rig the controlling surface to be in a fair, true line with the surface in 
front. 

If the controlling surface is hinged to the back of a lifting surface, 
then it is necessary for it to be rigged a little below what it would be 
if it were in a fair true line with the surface in front. This is because, 
in such a case, it is set at an angle of incidence. This angle will, when 
the machine is flying, produce lift and cause it to lift a little above 
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the point at which it has been rigged on the ground. It is able to 
lift owing to a certain amount of slack in the control wire holding it, 
and the control wire can not be adjusted to have no slack, because that 
would cause it to bind against the pulleys and make the operation of it 
too hard for the pilot. It is, therefore, necessary to rig it a little below 
what it would be if it were rigged in a fair, true line with the surface 
in front. Remember that this applies only when it is hinged to a 
lifting surface. The greater the angle of incidence of the lifting sur- 
face in front the more the controlling surface will have to be rigged 
down. As a general rule, it can be safely rigged down so that the 
trailing edge of the controlling surface is 144 to 34 inch below where 
it would be if it were in a fair, true line with the surface front, or 14 
inch down for every 18 inches of chord of the controlling surface. 


AILERON. OR ELEVATOR 
(As + should be 


Rigged) 


» MMM 


AILERON OR ELEVATOR 
(in Flight and as Rigged) 


Fic. 17.—Rigging ailerons. 


WON-LIFTING 
SURFA 


When adjusting the controlling surfaces, the pilot’s control levers 
must be in their neutral position. It is not sufficient to lash them in 
that position. They should be blocked into position with wood packing. 

Remember that controlling surfaces must never be adjusted with 
a view to altering the stability of the machine. Nothing can be accom- 
plished in that way. The only result will be that the control of the 
airplane will be spoiled. 

Control Cables.—The adjustment of the control cables is quite an 
art, and upon it will depend to a large degree the quick and easy control 
of the airplane by the pilot. The method is as follows: 

After having rigged the controlling surfaces, remove the packing 
which has kept the control levers rigid. Then, sitting in the pilots’ 
seat, move the control levers smartly. 
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Tension up the control cables so that when the levers are smartly 
moved there is no perceptible snatch or lag. Be careful not to tension 
-up the cables more than necessary to take out the snatch. If you 
tension them too much, the cables will bind round the pulleys and 
result in hard work for the pilot and also in throwing dangerous stresses 
upon the controlling surfaces, which are sometimes of rather flimsy 
construction. It will also cause the cables to fray round the pulleys 
more quickly than would otherwise be the case. 

Now, after having tensioned the cables sufficiently to take out the 
snatch or lag, place the levers in their neutral position and move them 
backward and forward not more than 1¢ inch either side of the neutral 
position. If the adjustment is correct, you should be able to see the 
controlling surfaces | move. If they do not move, then the cables are 
too slack. 

Flying Position.—Before rigging the machine, it is necessary to place 
it in what is known as its “flying position.” 

This is best secured by packing up the machine so that the engine 
foundations are perfectly horizontal both longitudinally and laterally. 

This is done by placing a straight-edge and a spirit level on the 
engine foundations, and you must be very careful indeed to see that 
the bubble is exactly in the center of the level. The slightest error 
will be much magnified toward the wing tips and tail. Great care 
should be taken to block the machine up rigidly. In case it gets acciden- 
tally disturbed during the rigging of the machine, you should con- 
stantly verify the flying position by running the straight-edge and the 
spirit level over the engine foundations. Carefully test the straight- 
edge for truth before using it, for, being usually made of wood, it will 
not remain true long. Place it lightly in a vise and in such a position 
that a spirit level on top shows the bubble exactly in the center. Now 
slowly move the level along the straight-edge. The bubble should 
remain exactly in the center. If it does not, then the straight-edge 
is not true and must be corrected. Never omit doing this. 

With radial engines the bolt bosses on the mounting ring can be 
tested for vertical squareness by a level that rests on upper and lower 
bosses. Lateral squareness must be tested from the center line of the 
plane. 

Propellers.—The last thing to go onto the machine is, as a rule, the 
propeller, by which time there is usually a rush to get the machine out. 

a 7 
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Be very careful, however, to see that the propeller is fitted on true and 
straight. This is easily verified by bringing the tip of one blade round 
to graze some fixed object, such as a trestle. Mark the place where 
the tip of the blade touches it. Now bring the tip of the other blade 
round and it should be within 1 inch of the mark. If it is not so, 
then it is probably due to some of the propeller bolts being pulled up too 
tight. It may be due to the propeller itself not being true (See notes 
on propellers). 

Fuselage.—The methods of truing fuselages are laid down in the 
rigging diagrams. After having adjusted the fuselage according to 
the specified directions, arrange it on trestles in such a way as to make 
about three-quarters of the fuselage toward the tail stick out unsup- 
ported. In this way, you will get as near as possible to flying conditions, 
and, when it is in this position, the adjustments should be run over 
again. If this is not done, the fuselage may be out of true but perhaps 
appear all right when supported by trestles at both ends, as, in such 
cases, its weight may keep it true as long as it is resting upon the trestles. 

Tail Plane.—The exact angle of incidence of the tail plane is given 
in the rigging diagram. Be careful to see, however, that the spars 
are horizontal. If they are tapered spars, then see that their center 
lines are horizontal. After the tail plane has been rigged, support 
the machine so that the tail is unsupported, as explained above. Then 
verify the adjustment and make sure that the tail-plane spars are 
horizontal when the machine is in flying position. Tail planes are also 
called stabilizers. 

Rudder, Ailerons, Elevator.—These controlling surfaces must not 
be distorted in any way. If they are held true by bracing wires, then 
such wires must be carefully adjusted. If they are distorted and there 
are no bracing wires with which to true them up, then the matter should 
be reported, as it may be necessary to replace some of the internal 
framework. 

Undercarriage.—The undercarriage must be carefully aligned, as 
laid down in the rigging diagram. 

1. Be very careful to see that the undercarriage struts bed well 
down into their sockets. If this is not done, then, after having had 
a few rough landings, they will bed down farther and throw the under- 
carriage out of alignment,with the result that vee: machine will not 
taxi straight. 


i 
| 
! 
| 


! 


RIGGING AND SERVICING THE PLANE 55 


2. When the undercarriage is being rigged, the airplane must be 
packed up in its flying position and sufficiently high so that the wheels 
are off the ground. When in this position, the axle must be horizontal. 

3. Be very careful to see that the shock absorbers are of equal tension 


and that the same length of elastic and the same number of turns are 


used in the ease of each absorber. If hydraulic or similar shock absorbers 
are used, see that they are in good condition. See Sec. VII for details. 

Handling of Airplanes.—An extraordinary amount of damage is 
done by the mishandling of airplanes and in packing them up from the 
ground in the wrong way. ‘The golden rule to observe is: 


PRODUCE NO BENDING STRESSES 


1. The wood used in the airplane is designed to take stress of direct 
compression and it cannot be safely bent. Care should also be taken 
with all metal construction not to bend the tubes or other members. 
In packing an airplane up from the ground, the packing must be used 
in such a way as to come underneath the interplane struts and the fuse- 
lage struts. Soft packing should always be placed on the points upon 
which the airplane rests. 

2. When pulling the machine along the ground, always, if possible, 
pull from the undercarriage. If necessary to pull from elsewhere, then 
do so by grasping the interplane struts as low down as possible. 

3. As regards handling parts of airplanes, never lay anything covered 
with fabric on a concrete floor, as any slight movement will cause the 
fabric to scrape over the concrete with resultant damage. 

4, Struts, spars, etc. should never be left about the floor, as in such 
a position they are likely to become damaged. Remember, also, that 
wood easily becomes distorted. This particularly applies to the inter- 
plane struts. The best method is to stand them up in as near a vertical 
position as possible. ; 


KEEPING THE AIRPLANE IN GOOD CONDITION 


Cleanliness.—The fabric must be kept clean and free from oil, as 
dirt and oil will rot it. 

To take out dirt or oily patches, try acetone. If that will not do 
the job, try gasoline but use it sparingly or it will take off an unnecessary 
amount of dope. If that will not remove it, then hot water and soap 
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will do so, but, in that case, be sure to use soap having no alkali in it, 
as otherwise it will badly affect the fabric. Use the water sparingly; 
otherwise it may get inside the planes and rust the internal bracing wires 
or cause some of the wooden framework to swell. 

The wheels of the undercarriage have a way of throwing up a great 
deal of mud on the lower plane. This should be taken off at once. 
Do not allow it to dry and do not try to scrape it off when dry. If 
dry, then it must be moistened first, as otherwise the fabric will be 
spoiled. 

Controlling Wires.—After every flight, pass your hand over the 
control wires and carefully examine them near pulleys. 

If even one strand is broken, the wire must be changed. Do not 
forget the aileron balance wire on the top plane. 

Once a day try the tension of the control wires by smartly moving 
the control levers about, as explained primarily. 

Wires.—See that all wires are kept well greased or oiled and that 
they are all in the same tension. When examining your wires, be 
sure to have the machine,on level ground, as otherwise it may get twisted, 
throwing some wires into undue tension and slackening others. The 
best way, if you have time, is to pack the machine up into its flying 
position. 

If you see a slack wire, do not jump to the conclusion that it must 
be tensioned. Perhaps its opposition wire is too tight, in which case, 
slacken it, and possibly the slack wire will thus be tightened. 

Carefully examine all wires and their connections near the propeller 
and be sure that they are snaked round with safety wire, so that the 
latter may keep them out of the way of the propeller, if they come adrift. 

Distortion.—Carefully examine all surfaces, including the controlling 
surfaces, to see whether any distortion has occurred. If distortion 
can be corrected by the adjustment of wire, well and good, but if not, 
then report the matter. 

Adjustment.—Verify the angle of incidence, the dihedral angle, 
the stagger, and the overall measurements as often as possible. 

Undercarriage —Constantly examine the alignment and fittings of 
the undercarriage and the condition of tires, shock absorbers, and tail 
skid. 

Control Surfaces—As often as possible verify the rigging position 
of the ailerons and elevator. 
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Locking Arrangements.—Constantly inspect the locking arrange- 
ments of all turnbuckles, bolts, etc. 

Outside Position.—The airplane, when outside its shed, must always 
stand facing the wind. If this is not so, then the wind may catch the 
controlling surfaces and move them sharply enough to damage them, 
If the airplane must be moved during windy weather, then the controi 
levers should be lashed fast. 


RIGGING A STEARMAN C-3B BIPLANE 


Tram the center-section cross-brace wires by equalizing the diagonal 
measurements between the bolthead centers of the upper and lower 
center-section strut bolts. These boltheads are center punched so that 
the measurements can be accurately and conveniently made. 

Next measure the distance between the center of the upper diagonal 
center-section strut bolt and the center of the bolthead of the adjustable 
clevis pin on the same strut. This distance should be 3674, inches. 
The adjustment at the lower end of this diagonal strut should continue 
until the correct measurement is obtained. 

After this operation has been completed and carefully checked the 
lower wings may be placed in position and held in place by the front 
landing wires. These wires are attached to an improvised hook on the 
top of the front center-section strut. 

The upper wings should then be placed in position, care being taken 
that the ailerons and aileron-torque tubes are in place. 

Attach the outer bay-wing struts and fasten them in position. 

The upper wings should now be pulled into position by aligning the 
entering edges so that they are in a straight line with the entering edge 
of the center section. This is done by tightening and loosening the 
front landing wires until the proper alignment is secured. 

Now tighten the front landing wires five turns to give the proper 
dihedral angle. The rear landing wires should then be pulled to the 
same tension. 

Tighten the front flying wires snugly at this point and then adjust 
the outer bay diagonal struts to eliminate all “wash in” and “wash 
out.” 

The rear flying wires should then be drawn up so that they fit snugly. 
All flying wires should be taut but not strained to any undue tension. 

If these instfuctions are carefully followed, the rigging is complete 
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and the plane will have the proper dihedral angle and stagger. The 
plane will also have the proper angle of incidence and no “wash in” 
or “‘wash out.” 


SETTING UP THE WACO-10 BIPLANE 


It is suggested that bolts and pins be cottered as they are inserted, 
to prevent overlooking this important point. The left-hand thread 
on all stream-line wires should go at the top. 

Assembling the Landing Gear.—Hold the Oleo-strut in vertical 
position with the top up as in Fig. 18. Pull piston out of cylinder 
and fill cylinder with General Electric Transformer oil No. 6. No 
substitute for this oil can be recommended but if impossible to procure 
it, a light motor oil having a low cold test can be used. 


-Qleo strut 


(_Oleo check 
wire clip 


Fia. 18.—View of Oleo Strut connected to V Strut. 


Place piston back in cylinder and push to bottom. Remove piston 
and add oil until its level is 6 inches from the top. Do not attempt 
to put the piston from one cylinder into another as they are not inter- 
changeable. Keep piston and cylinder together as shipped. With 
piston again inserted in cylinder the strut is ready to be mounted on 
the landing gear (for full assembly details see Fig. 27). Put wheels on 
landing-gear V’s with three axle washers inside. Limit end play of 
wheel on axle by putting enough washers between wheel and hub cap. 
Put hub cap in place and bolt securely, locking with cotter. 

Motor end of fuselage must be raised with hoist“to install landing 
gear. Put bushings in upper‘ends of landing-gear V’s. Spread plate 
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fitting on fuselage slightly to admit V ends with bushings in place. 
Bolt landing-gear V’s in place (see Fig. 19). Fasten top of Oleo-strut 
to fuselage, removing cowl piece under this point, if necessary, to insert 
bolt. Fasten bottom of Oleo-struts to V’s (Fig. 19). The clip on the 
lower end of check wire inside stream-line cover of Oleo strut should be 
fastened to the rear of bottom Oleo connection to V’s, using the 3g-inch 
bolt. 


Relative pos/tions oF 
wing struts 


Oleo 

struk 

Front of; Z Aileron strut!” 
ass adjusting clevis 


Fig. 19.—Landing gear connections. Fic. 20.—Fastening interplane struts. 


Wing Rigging.—Remove all stream-line wire ends and screw them 
back five complete turns to insure an equal amount of adjustment 
on each thread end. Fasten interplane struts on upper wings as indi- 
eated by Fig. 20. Cut inspection hole on underside of fuselage. This 
will give a rectangular opening inside the line of tacks provided for the 
purpose. Cut out the cloth inside the patches on both sides of the 
inspection hole for aileron control rods. Cut slot in small adjacent 
patches for lower wing tie wire. Front wing root fittings for lower 
wing should be bolted to fuselage and the rear fittings bolted to the 
wing. The wires are marked with brass sleeve tags. ; 

Hang landing wires on the center-section fittings but do not tighten 
(see Fig. 21). Place lower wing between fittings on fuselage, drive 
long 54,-inch bolts through front wing root fitting and front spar. 
Fasten the landing wires to wing fittings (Figs. 22 and 23). After both 
wings are hungyfasten rear wing root fittings to the fuselage. 
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Place root end of upper wings with interplane struts attached as 
before mentioned, between fittings on center section. Line up entering 
edge of wings with entering edge of center section. Line up holes in 
spars. Drive long 5{¢-inch bolts in front spars first, following with 
bolts in rear spars. Fasten interplane struts on the lower wing. 


Center section 


Center section Beye: & 
WITeS, : 


f upper wing 


Le? center 


Right upper wing isection strut 


Right center.“ 
section shut - 


Dimensions A 
must be the sare 


ae Fuse/age- 


Cotter all bo/ts 


Fie. 21.—Diagram of center section struts and landing wires; looking from front. 


Now tighten center-section wires. These must be adjusted until 
the length of center-section wires as A, Fig. 21, are the same on eachside. 
This can best be done by measuring with trammels. Put a safety wire 
on each turnbuckle when wires are correctly adjusted. 

Fasten both ends of flying wires but do not tighten. 

Draw up front landing wires until they are 8 feet 2 inches from center 
to center of pins. Tighten rear right landing wires, RL (Fig. 22), so 
that front and rear spars are parallel when sighted from the front of 
the plane along the chord on the underside of wing. The left rear- 
landing wire should be about 44 inch longer than the right landing 
wire. This permits the rear spar on this side to dreop slightly which 
takes care of the torque, or turning effect of the motor. 
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Tighten front flying wires, FF, and drift flying wires DF both Fig. 22, 
to a length approximately as noted, and readjust them until the leading 
edge of the upper wings is parallel with the leading edge of the lower 


Half Plan Looking 
Through Upper Wing 


Fig. 22.—Set-up diagram for wing wires and struts. 


wings. This is usually done by lying on your back under the lower 


wing and sighting along both edges. 
Tighten the rear flying wires, RF, and the antidrift wires, ADF, 


Fig. 22 until they are snug. Tighten the incidence wires S; and J, 


Trtriyee 


Flying > 
WIT'eS 


7 


7 
“4 aa Lanaing 


via mW IUZES: 


Fic. 23.—Position of flying and landing wires, 


Fig. 19, snug, bringing the tension on both wires at the same time. 

Tighten locknuts on all stream-line wires. Push the bottom wing 

tie wire (this is a short stranded wire) through the slot in the fuselage 
if 
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cover and fasten both ends with clevis pins. Tighten snug and wire for 
safety. (See flying and landing wires in Fig. 23.) 

Aileron Control.—Put the control stick in the center, and have bottom 
ailerons in line with wings. Adjust short aileron rods (the rods used to 
connect the stick lever to the rods in the lower wings) to the right length 
to keep the stick and ailerons in their proper relationship. Tighten 


=H front stah spar 


| fuselage 


Right stab brace rod 


Left stab. brace rod-~ 
(Short) OP 


tis Stab. bell crank 


Fic. 24.—Stabilizer connections—sectional view through fuselage looking from 
rear. 


the lock ring on short-rod adjusting screw with pliers. Fasten with 
cotter pins. Fasten cover on inspection hole. Fasten the fixed end 
of the aileron interplane strut on upper aileron, adjusting the angle 
slotted clevis until ailerons are in line with wings. Tighten locknut. 

Tail Set-up.—Fasten diagonal stabilizer brace rods (with short ver- 
tical push rod in center) on stabilizer bell crank, having the long rod on 


Fie. 25.—View of tail showing external brace wires. 


the right-hand side as in Fig. 24. The end of the rod with the hole 
nearest the end should be on top. Fasten the stabilizer in place. 
Hook the elevator horn to long elevator push rod and lock with cotters. 
Fasten tail cover pan in place. Drive fin in place until holes in fuselage 
clip line up with holes in fin end, and then bolt in place. Mount 
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rudder in place. Adjust rudder wires so that rudder is in neutral 
position. Safety wire the turnbuckles. Be sure that the bolts holding 
the stabilizer to the stabilizer brace rod, Fig, 24, are tight and cottered. 
The small bolt in the stabilizer guide (this means the clips on the stabi- 
lizer that ride up and down on the vertical rod) should be snug, and 
cottered. External brace wires of the tail are shown in Fig. 25. Fig. 
26 shows connections for stabilizer spans and braces. 

Instructions for preparing the Waco Oleo landing strut for use are 
given in Fig. 27, 


Stab. 
Spar 4 


Stab.rod Braco Fuselage 
U 


This connection 
must be tight 


Stab: Py, 42854 al 
spar a : eh os 
Spe" AxI94 purer" 
brace 
rod-~ 


Connection A Connection B Connection C Connection D 
Fra. 26.—Connections for stabilizer spans and braces. 


Repairing Metal Floats and Hulls.—According to K. D. Vosler, 
Superintendent of the Edo Aircraft Corporation, it is an easy matter to 
repair a metal float or flying-boat hull and it can be done by any good 
mechanic in the manner described. The forward portion of the bottoms 
are usually thick enough to resist puncture although frequently dented. 
If, however, a hole is punched in a sheet, as in Fig. 28, the repair is 
not difficult. 

Examine the sheet carefully for tears radiating from the edge of the 
hole, such as at A. Cut the sheet away so that no damaged material 
remains. The sheet may be cut with tin snips or even a hacksaw blade 
in restricted quarters. File all edges smooth. For the sake of appear- 
ance the hole should be made round or square but this is unimportant. 
If it is necessary to bend the material, make the radius as large as 
possible. Figure 29 shows the damaged part cut away, while Fig. 30 
shows the repair patch riveted in place over the hole. The patch is 
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To Prepare Oleo for Use. 

1. Pull piston out of cylinder 
and remove auxiliary piston... 

2. Fill tube up to 6 inches 
from top with G. E. trans- 
former oil No. 6. 

3. Insert auxiliary piston with 
boit head down. 


4. Insert main piston. 


If Oleo is completely disas- 
sembled assemble as follows. 

1. Assemble washer, long 
valve spring and bolt into 
main piston with ear on spring 
sticking out to keep. spring 
from passing through hole in 
washer. If parts are new, 
grind washer into piston with 
valve grinding compound. A. 

2. Attach check wire chain Bolt 
to shackle brazed to piston 
tube. \ SS _Sprii 

° ‘ ROD 

3. Insert piston into stream- Renter eny washer 

line. 


4, Assemble washer, short 
valve spring, and bolt into E 
auxiliary piston as in Paragraph inner shock Spring 
aif, 


5. Hold tube upright and 
insert outer and inner shock ~-Outer shock spring 


springs. 


6. Insert shock spring 
washer. : 
7. Fill tube up to 6 inches : 


from top with G. E. trans- 
former oil No. 6. 


8. Insert auxiliary piston 
with bolt head down. 


9. Insert main piston. 


Fria. 27.—Waco Oleo landing strut. 
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cut from an aluminum alloy sheet one or two gages heavier than the 
damaged sheet, with an allowance of 44 inch all around for riveting. 
The line of rivets is 44 inch from the edge of the patch. 


lane, Bek Ere. 29: 


Fic. 28.—Hole punched in float. 
Fig. 29.—Damaged portion cut away. 


In the repair job illustrated the rivets were 342 inch in diameter 
and spaced 3¢ inch center to center. The table below is a guide as to 
thickness of sheet and patch, rivet diameter, and spacing. 


Hic, oO: Hie. 31. 


Fic. 30.—Repair patch riveted in place. 
Fic. 31.—Temporary repair with machine screws. 


After the rivet holes are laid out on the patch, it is placed in cor- 
rect position over the hole and the holes drilled through both patch 
and sheet at the same time. A few machine screws will hold the patch 
in place during the riveting. It is advisable to use rivet sets and to 
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hold the rivet firmly from the back side during riveting. Rivets can 
be peened over by hand, however. It is advisable to cover all the 
overlapping surfaces with red lead before riveting to insure water- 
tight joints. 

A temporary repair can be made with machine screws, as shown in 
Fig. 31, although riveting is preferred. The patch is the same as for 
riveting, the difference being that a second patch is placed on the other 
side of the sheet and the center distance of the holes is twice as great 
as for riveting, or 34 inch, center to center. The two patches clamp 
the sheet between them, the machine screws being inserted from the 
outside. Some builders are now using screws in new work. 

The following proportions for thickness of patch for different gages 
of metal sheets and the best rivets and rivet spacings, will be found 
useful: 


TasBLEe oF SHEETS, ParcHEs AND RIVETS 


Thickness of Thickness of Diameter of Rivet 
sheet, patch, rivet, spacing, 
inches inches inches inches 

: 
0.020 0.032 349 3¢ 
0.025 0.040 349 36 
0.032 0.050 kk 1g 
0.040 0.064 540 54 
0.050 0.064 346 34 
0.064 0.064 346 34 
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SECTION IV 
CHAPTER 1 


THE AIRPLANE ENGINE 


Without going into the details of the design of airplane engines, 
it is well to have a general idea as to how the problem differs from that of 
the automobile engine. The main differences are that the engine must 
be capable of running at its maximum power for long periods at varying 
altitudes that affect fuel volume, compression, and engine temperatures. 
The weight must also be as light as possible, this varying from less than 
2 to 5 pounds per horsepower. As the average automobile engine 
usually runs at from 15 to 25 per cent of its maximum power, the differ- 
ence may easily be imagined. 

Ignition and spark-plug troubles are also more frequent on the air- 
plane engine, owing to this constant demand for high power, and these 
points may well be carefully studied. 

There is a constant tendency toward higher engine speeds so as to 
increase the horsepower per pound of weight. This frequently necessi- 
tates the gearing down of the propeller, which, however, introduces 
engineering difficulties. According to present practice, from 1,500 to 
2,000 seems to be the best speed for the propeller, and many engines 
are designed for those speeds so as to drive direct. Some, however, 
are now being run at as high as 2,800. This high speed involves care- 
ful consideration of metals to be used and such details as valve openings 
and manifold areas. Increased speeds may reduce the weight per horse- 
power even lower. 

At the present time, most engines are made with cylinders of steel 
made either from tubing or forgings. Nearly all of the air-cooled cylin- 
ders are made from steel. The question of piston material seems to have 
been decided in favor of aluminum. As a basis for comparison with 
automobile engines, it is well to remember that in the airplane engine, 
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even at a speed of 1,800, a cylinder 5 by 514 inches must deliver 25 
horsepower. The tests required by the Department of Commerce are 
given on page 596. Briefly it is a 50-hour block test of which 5 hours 
must be at full throttle. 


EFFECT OF ALTITUDES 


The difference in temperature at different altitudes is a problem 
peculiar to the airplane engine. The low temperature of a high alti- 
tude cools the engine excessively at times, and this is particularly bad 
when diving. As the engine is shut off to dive, it cools still more, in 
spite of the decreasing altitude; and when power is thrown on again 
at the new level, the comparatively cold engine is not lively and will 
not develop full power at once. 
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Fic. 1.—Effect of altitude on engines. 


The most serious effect of altitude flying, however, is that caused 
by the loss of power due to the reduction of atmospheric pressure at 
high altitudes. For instance, at an altitude where the density of the 
air is only half as great as at sea level, the velocity required for susten- 
tation is increased 41.4 per cent and the effective horsepower required 
to maintain this speed, also, is 41.4 per cent greater. To overcome 
this difficulty, “superchargers” are installed on the airplane engines 
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which cause them to maintain their rated horsepower regardless of 
altitude. These supercharges are, in reality, blowers which give the 
carbureter intake air at the same pressure which it gets at sea level. 
The Moss supercharger is probably the best known of any. It is an 
air turbine operated from the engine exhaust and has been used on 
several altitude record flights. The Lewis supercharger, designed by 
Dr. George W. Lewis of the National Advisory Committee for Aeronau- 
ties, is of the centrifugal type and is operated by gears from the crank- 
shaft of the engine. 

The effect of both temperature and atmospheric pressure are shown 
in diagrams 1 and 2 of Fig. 1, the boiling point affecting both air-and 
water-cooled engines. 

The effect of altitude on the horsepower of the engine is seen in dia- 
gram 3 which shows decrease of power up to 15,000 feet, at which point 
it is seen to be a trifle over 56 per cent of the horsepower developed 
at sea level. 

The World War demonstrated the necessity and advantages of 
high-altitude flying to such an extent that great strides have been taken 
further to perfect this aspect of aeronautical engineering. It has been 
found that, in many instances, strong winds blowing in directions 
which are advantageous to commercial airplane routes are found 
only at altitudes of 20,000 feet and higher. In order to take advantage 
of these winds, the airplanes used under these conditions must be 
equipped quite differently from those used in ordinary service. 

High-compression motors are used which give more power at high 
altitudes than the ordinary motor because of the fact that their com- 
pression is greater at those heights. When these motors are equipped 
with superchargers, their power output at 30,000 feet is nearly as great 
as at sea level. This mechanism eliminates much of the objection to 
altitude flying, and with its further development we may expect to 
see the scope of high-altitude flying ereatly increased. 

U. S. Army Air Corps engineers have experimented with ethylene 
glycol as a coolant for water-jacketed engines instead of water. This 
chemical is the base for antifreeze solutions but is used direct in radia- 
tors of Army planes in tests. Its boiling point is very much higher 
than water and so permits an engine to be run at higher and more 
economical temperatures. It is also said to permit a reduction of 75 
per cent in the weight of radiators and cooling liquid. Joints and 
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packing glands must be kept tighter than for water and a closed cooling 
system must be used. 


FIRING ORDERS OF INTERNAL-COMBUSTION ENGINES 


Many people have trouble in figuring out the firing order of an auto- 
mobile or airplane engine but the following system will show how easy 
the whole thing is. This system is based on the usages of common 
practice and may not cover all the freak engines that have been built 
and made to run. There are also a few exceptions to the general 
practice. 

The simplest multicylinder engine in general use is of the four-cylinder 
type. This type is now only used in small airplanes, but it serves to 
show the firing order of eight-cylinder engines. Experience has proved 


that a crankshaft with the other crankpins, 1 and 4, in line with each 
other, and with the inner ones, 2 and 3, in line with each other, but 180 
degrees away from the outer ones, gives the best results. Figure 2 
shows such a shaft. With this arrangement, it is evident that a four- 
cylinder, four-cycle engine can fire only two ways, either 1-2-4-3 or 
1-3-4-2, for the impulses occur at intervals of 180 degrees of crankshaft 
revolution. The duration of the four-stroke cycle is 720 degrees, and 
the interval for even spacing will be 720 degrees divided by the number 
of cylinders. 

The eight-cylinder, V-type firing order naturally comes next as it is 
based on either one of the four-cylinder orders just mentioned and 
because the eight uses the same shaft as the four, two connecting rods 
being attached to each crankpin instead of one. 

There are various methods of designating cylinders. In the four, 
this does not make so much difference, for the same result is arrived 
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at no matter which end you start from. There is little doubt that 
the best and most logical method in the V-8 to follow is to number the 
cylinders from 1 to 4 right and from 1 to 4 left, commencing from the 
starting-crank end of an automobile engine and from the end opposite 
the propeller end, of an airplane engine. This makes the output end 
of each engine the one with the highest-numbered cylinder nearest to 
it. Figure 3 shows diagrammatically this system of numbering applied 
to eight-cylinder engines. 


Fig. 3.—Hight-cylinder automobile and airplane engines. 


FIRING ORDERS OF AN EIGHT 


Assuming that the cylinders are numbered this way and the cylinder 
blocks are inclined at 90 degrees, we can evolve two firing orders from 
each four-cylinder firing order. The firing interval will be 90 degrees, 
and the firing order will alternate between the two blocks. The easiest 
order to work out will be obtained when opposite cylinders, that is, the 
ones whose connecting rods are fastened to the same crankpin, fire 
consecutively. Application of this principle gives two firing orders, 
1L-1R-2L-2R-4L-4R-3L-3R and 1L-1R-3L-3R-4L-4R-2L-2R. 

Reference to Fig. 3 will show that, instead of firing opposite cylinders, 
such as 1L and 1R, we could fire cylinders whose rods come to dif- 
ferent pins which are in line, for example, 1L and 4R or 2L and 3R. 
The only changes necessary in the engine would be in the camshaft 
and wiring. The other two firing orders are, then, 1L-4R-2L-3R-4L- 
1R-3L-2R and 1L-4R-3L-2R-4L-1R-2L-38R. It is probable that the 
engine balance is slightly better with either of these arrangements 
than with the first two mentioned. 
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So far nothing has been said about the direction of rotation of the 
crankshaft. In automobiles, the rotation is clockwise when the ob- 
server stands in front of the car, except in a very few cases. 


DIRECTION OF ROTATION OF AN AIRPLANE ENGINE 


When it comes to airplane engines, all sorts of contradictory ideas 
are encountered. With a direct-drive tractor, the usual way is to call 
the motor a clockwise motor, if the pilot, as he sits in his seat looking 


Left-Hand Crank Shaft. 


ia. 4.—Right- and left-hand six-cylinder crankshaft. 


forward along the cylinders, sees the propeller describing clockwise 
circles. If the propeller is driven through reduction gearing, the 
question arises as to whether to judge by the rotation of the propeller 
or of the crankshaft. It would seem better to judge by the crank- 
shaft, although this is not the usual practice, because the type of reduc- 
tion gearing used on the Rolls-Royce drives the propeller in the same 
direction as the crankshaft rotation, although this is not always the case. 

Still further confusion resulted when the rotating cylinder type had to 
be taken into account. The observer stands in front of the airplane 


and determines the direction of rotation from that position. Conse- 
cert 
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quently, a counter-clockwise Gnome engine would rotate a propeller 
in the same direction as a clockwise Liberty engine. 

The direction of rotation is usually decided from the crankshaft end, 
the observer standing in front of the engine, that is at the end opposite 
the propeller. This understanding will help in the consideration of 6-, 
12-, and 18-cylinder engines, all of which use the same type of crankshaft. 

Six-cylinder crankshafts are built in two ways, which are arbitrarily 
called right hand and left hand, this distinction having nothing what- 
ever to do with the direction of rotation. Figure 4 shows views of both 
arrangements of crankpins. When the observer stands in front of 
a right-hand crankshaft which has been rotated so that crankpins 1 
and 6 are vertically upward, he will see the center crankpins 3 to 4, 
to the right of the center line and 2 to 5 to the left. This is reversed 
for the left-hand shaft. 

The crank arms are at 120 degrees to each other to give even firing 
angles of 120 degrees. This value is determined as before by dividing 
the total duration of the cycle, 720 degrees, by the number of cylinders. 
A glance at Fig. 4 will show that the number of possibilities in the 
firing order of the cylinders is greater than with the simpler crankshaft. 
If the right-hand shaft is rotated clockwise, the cylinders could be fired 
in the two orders 1-2-3-6-5-4 and 1-5-3-6-2-4. Experience has shown, 
however, that it is not advisable to fire adjacent cylinders consecutively, 
and, consequently, the first arrangement can be eliminated as unsatis- 
factory. The second arrangement is then the one to be expected when 
the shaft under consideration is a right-hand and rotates clockwise. 
A little study will show that it is also the firing order of the left-hand 
shaft turning counter-clockwise. 

It might be well to mention at this point the ways of determining 
the direction of rotation of the crankshaft. If the engine is assembled, 
it is necessary only to turn the shaft slowly by hand, watching the valves 
on any one cylinder during the process. If the inlet valve is seen to 
open immediately after the closure of the exhaust valve, the direction 
of rotation is correct. ; 

With the engine disassembled, an inspection of the camshaft to 
determine the relative positions of the cams which open the valves 
of any one cylinder will answer the question. The relative directions 
of rotation of the camshaft and crankshaft due to the type of gearing 
used must be taken into consideration, as in the average L-head motor 
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the directions are opposite, while in some overhead-valve types they are 
the same. 

Returning now to the right-hand crankshaft—tf it is rotated counter- 
clockwise, the firing orders 1-3-5-6-4-2 and 1-4-2-6-3-5 are the result. 
The first is bad, because 2 and 1 and 5 and 6 are together. The other 
is the conventional one and will also apply to the left-hand shaft when 
rotating clockwise. ‘This exhausts the reasonable possibilities and 
leaves only practical firing orders, 1-5-3-6-2-4 and 1-4-2-6-3-5. 

Just as the V-type eight is a double four, so the V-type twelve is a 
double six or ‘twin six,” as it is sometimes called, and uses a six- 
cylinder crankshaft, either right or left handed. The direction of 
rotation is ordinarily clockwise, although some airplane engines for 
multi-engined machines turn counter-clockwise to equalize the torque. 

The normal firing angle of the V-type 12 is, of course, 60 degrees, but 
in some airplane engines, the Liberty, Renault, and Lancia, for example, 
this angle has been reduced to cut down the width and, consequently, 
the head resistance of the engine. This sacrifices the even firing angle 
but apparently has no particularly detrimental effect on the running 
of the engine. The change, however, has nothing to do with the firing 
order. 

If the cylinders are numbered as were those of the eight, from 1 to 
6 right and 1 to 6 left, and the same reasoning applied, four 12-cylinder 
firing orders are obtained, as follows: 1L-1R-5L-5R-3L-3R-6L-6R-2L-2R- 
4L-4R, 1L-1R-4L-4R-2L-2R-6L-6R-3L-3R-5L-5R, 1L-6R-5L-2R-3L-4R- 
6L-1R-2L-5R-4L-3R, and 1L-6R-4L-3R-2L-5R-6L-1R-3L-4R-5L-2R. 

The third one is in most common use, as most 12-cylinder engines 
use right-hand shafts turning clockwise. 

This development may go one step further and take in the 18-cylinder 
W- or broad-arrow type, which is essentially a V-type 12 with an extra 
row of six cylinders down the middle. Assuming that a right-hand, 
clockwise crankshaft is used, the firing order of this type may be readily 
worked out if one other fact about it is known, that the cylinders opposite 
each other on the outside banks fire in the same group with the center 
cylinder whose rod comes to the other crankpin in line; that is, 1L and 
1R, whose connecting rods come to crankpin 1, fire in the same group 
with 6C, whose rod comes to crankpin 6. The firing angle is 720 degrees, 
divided by 18, or 40 degrees, and the angles between the cylinder blocks 
are 40 degrees as shown in Fig, 5. 
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If the plan just outlined is followed through, the following firing 
order can be obtained: 1L-6C-1R-5L-2C-5R-3L-4C-3R-6L-1C-6R-2L- 
5C-2R-4L-3C-4R. This makes use of the standard method of cylinder 
numbering and is comparatively easy to remember or work out. The 
maker numbers the cylinders in the manner shown in Fig. 5, and his 
method of numbering makes the firing order read 1-7-13-5-11-17-3- 


Fic. 5.--The 18-cylinder W-type airplane engine. 


9-15-6-12-18-2-8-14-4-10-16. There is apparently no rhyme or reason 
to this, although it is just the same as the other one and it would take 
a memory expert to figure out a scheme by which to remember it without 
chance of mistake. 

The X-type of engine uses the same crankshaft as a V-engine and the 
firing order can be considered in the same way. 

Single-row radial-engine cylinders are numbered clockwise when 
looking from the pilot’s seat toward the propeller. Number 1 cylinder 
is at the top. The firing order begins with No. 1 and follows with each 

MA 
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second cylinder. Thus the firing order of five-, seven- and nine-cylinder 
engines will be 1-3-5-2-4, 1-3-5-7-2-4-6, and 1-3-5-7-9-2-4-6-8. 

Double-row radial engines have a two throw crankshaft and so are 
equivalent to two single-row engines in tandem. The cylinders may 
be staggered, as in the Curtiss Challenger, or tandem, as in the Curtiss 
Chieftain. Both the number of cylinders and firing order differs from 
single-row engines and the reader is referred to the descriptions of the 
engines named for details. The Curtiss Challenger, for example, fires 
1-3-2-4-6-5, while another double-row radial fires 1-6-5-4-3-2. The 
firing order of the Chieftain can only be shown by an illustration as 
given on page 93. 


TYPES OF AIRCRAFT ENGINES 


Engines, as with everything else connected with aircraft development, 
are undergoing constant change and improvement. New engines are 
being designed and built, while some of those that were fairly successful 
in the past have disappeared, or are being discarded. The Gnome, 
and Le Rhone engines, which revolved with the propelfer, are no longer 
used. The Hispano-Suisa, or Hisso, is no longer built in this country, 
although enough still remain in service to warrant its illustration. The 
use of the Liberty engine is now practically confined to Army and Navy 
planes. While an excellent engine in its day, and still used to some 
extent abroad, it has almost disappeared from commercial use in this 
country. Of these engines only the Hisso is, therefore, included in 
this edition. 

The old Curtiss OX-5 engines, on the other hand, are still being used 
to a considerable extent, in spite of the fact that they are no longer 
being manufactured. For, while new engines of approximately the 
same power are now being made and will eventually replace the OX-5 
engine, so many of these are still in use that it seems advisable to retain 
a rather complete description of the engine itself, and of the methods 
used in caring for the engines in service. In fact, the growing scarcity 
of the OX-5 engine has resulted in much greater care being taken to 
keep them in good condition. A few years ago the price of these engines 
was so low that it hardly paid to overhaul them. This condition no 
longer exists, and it seems probable that many will continue to be used 
for several years. ” 
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The tendency at present is unmistakably toward the air-cooled 
engine. Very few water-cooled engines are now being built in this 
country. Those still in production are for the most part of compara- 
tively high power, 500 horsepower, or over. Even in this high-power 
field the air-cooled engine is making considerable headway. Examples 
of large air-cooled engines are the Hornet, the Cyclone, the Chieftain, 
and the Jupiter. 

The successful air-cooled engines originating in this country have 
cylinders located radially around a central crankcase and crankshaft. 
These cylinders are stationary, however, and while the engines resemble 
the Gnome engine in general appearance, they are very different in 
principle and operation. The usual design of radial engine has a 
single-throw crankshaft and all the cylinders are in one plane, or bank. 
This arrangement is varied in some cases, however, by using a double- 
throw crankshaft and having two banks of cylinders. 

Radial engines having a single bank of cylinders have an odd number 
of cylinders in order to secure the desired firing order of the cylinders. 
Engines of three, five, seven, and nine cylinders are very common. 
When two banks of cylinders are used, however, as in the Curtiss Chal- 
lenger and Chieftain, the engine has an even number of cylinders because 
each bank has an odd number. The Challenger engine, for example, 
is really two three-cylinder engines in tandem, giving a total of six 
cylinders. 

It is characteristic of radial engines to have but one main connecting 
rod on each crank to which all the others are attached. These main 
rods are called master or mother rods, and they alone bear on the crank- 
pin. The other rods bear on separate pins held in the sides of the master 
rod, as will be seen in the details shown with the different engines. 
In some designs of radial engines, such as the Pratt and Whitney and 
the Velie, the master rod is solid instead of having a cap bolted to the 
rod itself as is usual in most engines. In such cases the rod is put over 
the crankpin, the pin being specially designed, in two parts, one going 
inside the other, and is splined or otherwise machined accurately to 
prevent movement when in operation. On other and smaller engines a 
somewhat simpler design is used. 

While mechanical details naturally vary considerably in engines of 
different makes, there is enough similarity in them to make it unneces- 
sary to go into minute details with all the engines now available. A few 
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typical engines have been selected, of different sizes, and these, together 
with a general description of the others, will be found sufficient to make 
their operation and maintenance clear to the user or mechanic. This 
similarity, rather than any desire to discriminate, accounts for the 
omission of details in some cases. 

While the radial-cylindered engine predominates in the air-cooled field, 
there are a few air-cooled engines with the cylinders in line. These are 
usually four-cylinder engines in sizes not exceeding 100 horsepower. 
Some of these engines have been very successful in small planes; the 
Australian flight of Sir Allan Cobham and the South African flight of 
Lady Heath, being made with engines of this type. While most of the 
engines of this type are of British origin, there are a few made in this 
country of both American and British design. 

Barrel-type engines, in which the cylinders parallel to a central shaft, 
as with the chambers of a revolver, have been built for many years, 
both for steam and gasoline. None have been sufficiently successful 
to remain in service and the type is not in practical use. 

Vertical engines are but little used and are confined to small powers, 
usually with four cylinders. These are both air and water cooled. 
The V-type engines are usually water cooled although some Liberty 
engines have been converted to air cooling. The X- and W-engines are 
water cooled. Radial engines are all air cooled. 

The Packard engine, described in detail in the previous edition is now 
omitted because it has not found its way into commercial use. The 
same is true of the Curtiss D-12 engine previously described. In its 
place, however, is the new Curtiss Challenger and Chieftain engines, 
both of the radial type, which is described in some detail. 

The Packard Motor Car Company is developing a radial air cooled 
engine of the Diesel type, designed by Capt. J. M. Woolson and Henri 
Krebs, that weighs approximately 3 pounds per horsepower but no 
details are available as yet. The Diesel engine has many advantages, 
such as eliminating the magneto or other electrical ignition system as 
the charge is ignited by the compression in the cylinder. Each cylinder 
has a small fuel pump that injects fuel into the cylinder at the proper 
time, eliminating the carbureter as well. The failure of a fuel pump 
only cuts out one cylinder, leaving all the rest in Service. Then, 
too, the heavy oil used as fuel greatly reduces the fire hazard and the 
absence of the ignition spark greatly simplifies the utilization of radio 
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on the plane. The successful development of the Diesel engine in 
weights low enough to permit use in airplanes will be a distinct advance 
in aircraft construction. 

Nothing has done more to make possible the great advances in 
aviation than the improvement in engine design and the decrease in 
weight per unit of power. While the weight of engines of small power 
has not decreased to a marked degree, the higher powered radial engines 
have reached an average weight of 1.4 pound per horsepower, a decrease 
of approximately one-half in 10 years. One engine, the Bristol Mercury, 
of 900 horsepower, weighs 11 ounces per horsepower. Better designing, 
better materials, and higher speeds, have all contributed to make these 
results possible. And in spite of the reduction in weight, the engines 
of today are more reliable than ever before. 

There are also other engines available than those illustrated in this 
edition. Some of them have not yet been used in sufficient quantities 
to make it seem advisable to include them in this volume. With few 
exceptions they are sufficiently like some of the engines shown to make 
the same suggestions as to servicing them of value to the user. 

At least 50 different aircraft engines are reported in various stages 
of development, most of them weighing less than 4 pounds per horse- 
power with about one-third of them weighing 214 pounds per horsepower 
or less. Some of the larger powered engines weigh much less than 
this. The price per brake horsepower ranges from $25 per horsepower 
for small engines to $15 per horsepower for large engines. As new 
engines become established they will receive proper attention. 

Among the recent refinements are finer pitches of cooling fins on air- 
cooled engines, radio-shielded spark plugs, better magneto mountings, 
lighter reduction gears and other features. Superchargers are coming 
into greater use, some of them, such as the General Electric exhaust gas- 
turbine type, showing very satisfactory durability, having been in service 
for over a year with several hundred hours of flying, without failure. 

The construction of air-cooled engines varies to some extent with the 
horsepower developed. Small engines, developing from 10 to 15 horse- 
power per cylinder, frequently use a cast cylinder, the metal varying 
from cast iron to chrome or nickel-steel alloys in the mixture. The fins 
are usually cast integral with the cylinders and not machined. Practice 
differs as to the cylinder heads. In a few cases, the head is cast integral 
with the cylinder barrel to avoid joints. In others, the head is of 
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aluminum or some of its alloys, usually with bronze rings cast in place 
to form the valve seats. The heads are generally shrunk on the cylinder, 
being bored slightly smaller than the fit and expanded by heat before 
putting in place. When it cools it grips the cylinder firmly, but in 
addition it is held by either the screw threads that form part of the fit, 
or by bolts in some cases. The mating surfaces are usually both plain 
and threaded, the head being screwed on while hot in such cases and 
no bolts being used. 

In larger engines the cylinder barrels are made of alloy steel forgings 
with the cooling fins carefully turned on the outside. In prewar manu- 
facture, steel cylinders were bored out of a solid bar of forged billet, 
the boring and turning removing between 80 and 90 per cent of the 
weight of the original blank. Modern methods use hollow forgings and 
greatly reduce the waste of both metal and of machining time. All 
large engines have separate heads of aluminum alloy, nearly all being 
shrunk on with both a plain and threaded fit. One engine, however, 
bolts the head against a flat surface on the end of the cylinder barrel. 


ENGINE OPERATING COSTS . 


Actual operating costs are of interest and value to those engaged in 
or contemplating air transport. The figures that follow were recently 
compiled by the Wright Aeronautical Corporation from 91 Whirlwind 
engines in service on nine leading airlines. Complete data were not 
available on all counts, the cost of replacement, parts, for example, only 
covering 37 of the 91 engines, the other 54 engines having required no 
replacements at the time the figures were secured. The cost of opera- 
tion will vary both with the conditions under which the lines operate 
and the efficiency of the system of maintenance. Although the average 
in the table of the hours flown before the first overhaul is 290 hours, 
one operator reports 583 hours, another 450 hours, while a third gets 
about 200 hours. One of the engines in this group has flown over 
2,000 hours and another over 1,600 hours. 

Assuming 100 miles per hour as an average performance, the mainte- 
nance figures about $1.30 per hour of flying or $0.013 per mile. Depre- 
ciation, based on 2,000 hours engine life and $5,000 initial cost, is $2.50 
per hour or $0.025 per mile. Fuel and oil costs at $0.18 and $0.75 per 
gallon total $2.82 per hour or $0.028 per mile, making a total of about 
$6.62 per hour or $0.066 per mile. 
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Engine Cowling—N. A. C. A. No. 10.—Tests by the engineers of the 
National Advisory Committee of Aeronautics show that the shape of 
engine cowling has a serious effect on the resistance of the plane in 
flight. The type of cowling in Fig. 6 has been shown to have much less 
resistance than those generally used. The general conclusions that 
follow give the result of their experiments. 


Fia. 6.—Outline of N. A. C. A. cowling. 


First—The drag of an average sized cabin fuselage with the engine 
removed and the nose rounded is tripled by placing an uncowled Whirlwind 
J-5 engine on the nose. 

Second.—With the conventional forms of cowling, in which a portion of 
the cylinders and valve gear is exposed, the drag becomes less as the cowling 
is increased, but even in the most extreme case the reduction amounts to 
only about 23 per cent of the increase in drag due to an uncowled engine. 

Third.—A spinner, if used in front of a radial engine, decreases the drag 
but a very small amount, and has an almost negligible effect on the per- 
formance of an airplane. 

Fourth.—With a cowling similar to No. 10, which covers the entire engine 
and separates the cooling air from the general flow about the body, the 
reduction in drag is about 60 per cent of the increase due to an uncowled 
engine. This is about 2.6 times as great with the best conventional form 
of cowling. 

Fifth—The use of cowling similar to No. 10 seems entirely practical as 
regards both cooling and maintenance under service conditions. It must 
be carefully designed, however, to cool properly. 
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CHAPTER 2 
THE CURTISS CHALLENGER ENGINE 


The Curtiss Challenger engine is of the six-cylinder, air-cooled radial 
type conservatively rated at 170 horsepower at 1,800 r.p.m. (Figs. 
1 and 2). It is equivalent to two three-cylinder engines mounted in 
tandem, having a two-throw crankshaft to secure dynamic balancing. 
The stroke is shorter than the bore to keep the diameter small and so 
reduce head resistence and improve the pilots vision. Each set of 
three cylinders is fed from each barrel of a double carbureter through 
a simple manifold cast in the crankcase. The engine develops over 
0.3 horsepower per cubic inch of displacement and weighs less than 
21¢ pounds per horsepower. 

The crankcase is cast in two halves of aluminum alloy, both ends 
being shown in Figs. 3 and 4. Figure 5 shows both halves with studs 
in place. The cylinders are of forged steel with heat-treated aluminum- 
alloy heads screwed and shrunk on. Rocker boxes are cast integral 
with the cylinder heads (Fig. 6). There are two valves per cylinder, 
seating on bronze inserts in the head. 

The connecting-rod construction differs from that of most radial 
engines as seen in Fig. 7. The cap of the master rod carries the other 
two rods of the set. Rods are of heat-treated steel with babbitt-lined 
steel-backed bearings in the master rod and bronze bearings in the 
short rods. The crankshaft assembly is shown in Fig. 8 where the 
two throws and the way in which the rods go in place can be clearly 
seen. The pistons are of aluminum alloy and have five rings. Piston 
pins are full floating with aluminum caps at the end. In Fig. 9 all rods 
are in place. Lubrication is of the pressure and scavenging type. A 
pressure pump feeds the oil tank through a fine screen in a small pressure 
chamber to the main bearing, which is used as an oil seal. This screen 
. acts as a valve so that if the oil is too thick, as it may become in cold 
weather, the screen will lift from its seat and let the oil flow around it. 
A single scavenging pump removes oil from the sump and returns it 
to the oil tank. The pressure and the scavanging screens, oil drain 
plug, and oil thermometer well are in this sump. General dimensions 
are shown in Fig. 10. The firing order is 1-3-2-4-6-5. The cylinders 


are numbered as in Fig. 11, The Chieftain engine cylinders are 
numbered as in Fig. 12. 
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Fia. 2.—Magneto and carbureter end; Challenger. 
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GENERAL SPECIFICATIONS 


Rated horsepower........ ......... 170 horsepower at 1,800 r.p.m. 
Maximum etseponte at sea ee al bara tet nn a: 180 horsepower at 1,800 r.p.m. 
Compression Tatlo == sea ae eee Ou! 
Displacement of agine Pe ee ec 603 cubic inches 
BOTEse hey, fl eee. ee ee 51¢ inches 
Strokes smears fe Oy cae gON Cy een 47 inches 
Type of piston.. te ...... Aluminum, ribbed head 
Number of compression piston Y TADOY AS, dsc 2 per cylinder 
Number of oil control piston rings........ 3 per cylinder 
Ignition system.....,................... Two single-spark high-tension 
magnetos 
@arbureter (type)... 25... 0s ee ee eromnbers IN AU-4) dual car 
bureter 
Desired oil temperature under normal 
operation, inlet. . ee 140° F. 
Oil pressure einen Give a és 
outlet at 160° F.) at 1,800 r.p.m......... 100-120 pounds, per square 


inch gage 
Oil pressure desired (mihimum with oil 
outlet at 160° F.) at 1,600r.p.m......... 80-100 pounds, perg square 
inch gage 
St I UAC ie TR Vacuum, Gulf, Penzoil or pure 
oil of proper grade for the 


Grade of oil desired 


season 
Oil consumption—pounds per brake horse- 

power per hour. - .025 
Tuel consumption—pounds] per a ae hore: 

power per hour 

Rated pow erss,csckcart a tear eee een ee ROD 

CROSSE S25 Auch ts eee ee oe 50 
Pressure of fuel supply ee per square 

inch).. 2 Ale orc ZEN a, NE EMSS COTES 
Rotation OF Reales ee See ClOCKWwase 
Speed of tachometer shaft. oie Gate athe ee OUCTaAnchant 
Firing order....... Pein mre RAO 
Approximate ont beter Base Lae ee 200 


Weight of engine without starter, fuel 
pump, generator and gun control, but 
with exhaust heat equipment, exhaust 
flanges, exhaust came flange gasket, . 


and flange nuts. . 420.0 pounds 
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GENERAL SPECIFICATIONS.—(Continued) 


Overall diameter. . ~ ee ee e4 inches 
Length from eta oh sani shaft to 

mounting plate. . see eee qiealncues 
Length from RENN y plate’ to end of 

PENCTALO Terie ore e ie erry ticas ee Co, 11174» inches 
Lengths from mounting plate to end of 

PN AOTC COs re neh meee aha acre at an ite ee OGG 


SUMMARY OF CLEARANCES 
(Challenger engine) 


Allowance 
before 
Mini- Derred Maxi- replac- 
mum mum ing or 
readjust- 
ing 
Camfollower—diametrical clearance in guide...../0.0005 /|0.0015 |0.0025 0.005 
Camfollower roller pin—diametrical clearance in 

DUBIN Sam dR cole ssc eine a an at ten pe 0.000 0.001 0.002 0.003 
Camfollower roller bushing—diametrical clearance 

EMELOLLEY ly. Nomen elaine one ake a ic gates 0.0005 |0.001 0.002 0.003 
Camfollower roller—side play in follower. .../0.0085 |0.012 0.0155 0.025 
Cam gear adjusting shaft-—diametrical Rearanes: 0.001 0.002 0.003 0.005 
Cam gear—diametrical clearance on spacer...... 0.0025 |0.0035 |0.004 0.006 
Connecting rod—diametrical clearance on crank- 

OLD earetin Sister cat deere enter nea ciaeess 0.002 0.002 0.0025 0.005 
Connecting rod—end play on crankpin.......... 0.006 0.008 0.010 0.040 
Connecting rod articulated—diametrical clearance 

OD MWIISU DING ater ee eet re nesters tees Fe 0.0000 |0.0005 |0.0015 0.003 
Connecting rod articulated—end play in master 

LOD WME Ce Ss Ment are ny ase py ncreettoeeetsts 0.004 0.004 0.006 0.010 
Crankshaft thrust bearing—diametrical clearance 

AERC RRO en ra Reet ahem Patel oe eT aia salle fete Bar's 0.0005 |0.001 0.002 0.003 
Crankshaft thrust bearing lock nut—diametrical 

elearance.in COVePrP tea ein trae ae ules 0.019 0.021 0.023 0.030 
Crankshaft propeller end gear—diametrical clear- 

BN COIN CHSC wis eos eee Clas hb eee ees 0.003 0.0045 |0.006 0.008 
Crankshaft main ball bearing—diametrical clear- 

MN COUN" CASCLP saws clecaetreeneeae ies eee eee lees 0.002 0.002 0.003 0.004 
Crankshaft spacer antipropeller end—diametrical ; 

CIOATANCEIN: CABG rEY Mma Ro ie eta ron gee ene 0.006 0.007 0.008 0.010 
Crankshaft position when cold—between main 

journal propeller end-bearing ring and side of 

cheek of crankshaft throwtmecn. aqse cco cas 0.213 0.218 0.223 
Gears—all accessory drive train backlash........ 0.015 0.015 0.025 0.035 
Gears—cam drive (Except C-10046) backlash... ./0.003 0.005 0.010 0.030 


86 THE AIRCRAFT HANDBOOK 


SuMMARY OF CLEARANCES.— (Continued) 
(Challenger engine) 


I as 
| | 


Allowance 
before 
Mini- Daswed Maxi- replac- 
mum mum ing or 
readjust- 
ing 
Gear—drive shaft C-10046 backlash............ 0.015 0.020 0.025 0.035 
Magneto drive intermediate gear—diametrical 
Clearance. IN? CASC. Aiko ac.c ih isveh ds tosee Mee aslaveace oh 0.001 }0.002 0.003 0.006 
Magneto drive shaft—diaimetrical clearance in | 
CEERI CS RERROR EMC Cor OCICS Are. Pe Oona oe 0.001 0.002 0.003 0.005 
Oil pump live shaft—diametrical clearance in body|0.001 0.0015 |0.002 0.005 
Oil pump idler shaft—diametrical clearance in 
OAL Ee tesver ohare ret tetera ay eeu parol eee ein nle aaheks 0.001 0.002 0.002 0.005 
Oil pump idler shaft—diametrical clearance in 
PUI PD COVER cares dae as, vis aoe ates, ale lie it Sheen 0.0005 |0.001 0.0015 0.003 
Oil pump gears—diametrical clearance in body.. .|0.004 0.005 0.006 0.010 
Oil pump small gear—end play in body......... 0.003 0.004 0.006 0.010 
Oil pump large gear—end play in body.......... 0.004 0.005 0.007 0.010 
Oil pump intermediate drive shaft—diametrical 
CLEATANGCOSs.K. seis aig. 1s his. clays Muaiarw ate steerer ets 9.001 0.002 0.003 0.005 
Piston—diametrical clearance at top land....... 0.082 0.0384 0.036 ¢ 0.050 
Piston—diametrical clearance at bottom of skirt. |0.025 0.027 0.029 0.042 
Piston pin—diametrical clearance in piston...... 0.000 0.0005 |0.001 0.003 
Piston pin—diametrical clearance in connecting 
MOGieastaryorcnstetene: sv keh ais shen 8: bavi wads yeee ees fabeucnwere 0.000 10.001 0.0015 0.003 
Piston ring—side clearance in groove top........|0.0035 /|0.004 0.005 
Piston ring—side clearance in groove next to top |0.0025 /|0.003 0.004 
* Piston ring—side clearance in groove oil control 
cat a} <4- 3 cee tt oO MEIDICR ee oh MOREE So aoe 0.0015 |0.002 0.003 
Piston ring—gap compression rings (scarf joint). .|0.017 0.019 0.021 0.040 
Piston ring—gap oil control rings. CK fete «sO SOEZ 0.014 0.016 0.035 
Rocker-arm hearingdisweteienl: veleeveas Cod in 
cylind erhead scnvekyn.. caneen coca: Macias ore 0.0005 |0.001 0.002 0.003 
Rocker-arm bearing—diametrical clearance on 
POLE oe oreysterius ote Giaesicvene Chak em sucta bie Roane otc meas 0.0000 |0.0005 |0.001 0.003 
Rocker-arm—side play..............cceeeevees 0.017 0.019 0.024 0.030 
Tachometer drive shaft—dianietrical clearance. ..|0.001 0.002 0.003 0.005 
Tappet exhaust valve—gap when cold.......... 0.004 0.005 0.006 
Tappet intake valve—gap when cold............ 0.009 0.010 0.011 
Valve intake—diametrical clearance in guide..... 0.004 0.005 0.006 0.008 
Valve exhaust—diametrical clearance in guide...|0.005 0.006 0.007 0.010 
Wrist pin—ciearance in master rod bushings..... 0.0005T |0.0000 |0.001L 0.003L 


——— ee 


* These rings do not have side clearance except between the oil control slots. At these 


points the ring is solid. At the slots the ring is expanded causing the sing to fit tight in the 
groove. 
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Fic. 3.—Propeller end with case removed. 


Fic. 4.—Cover removed from other end. 
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OPERATION AND MAINTENANCE 


A general inspection should be made before and after each day’s flight. 
It is not necessary to remove spark plugs unless the action in operation 
indicates that there is a defective plug. All plugs should be inspected 
after every 10 hours of running. 

In freezing weather the oil in the lubricating system should be drained 
immediately after flight while the engine is still warm. This, of course, 
is not necessary if the engine will not be idle long enough for the oil to 


+. 5.—Both halves of crank case. 


become cold. When making ready for flight if the oil is heated to at 
least 150° F., before putting it into the tank the engine will start much 
easier. This procedure will also eliminate a long period of time for 
“‘warming up” the engine. 

After 10 hours of flight service check the magneto breaker points. 
They should be set with a gap of 0.012 inch. The breaker points must 
be kept clean and free from oil. Check the cylinder “hold-down” nuts 
and mounting flange bolts for tightness. 

The tappet clearances should be kept at 0.005 inch for the intake 
and 0.010 inch for the exhaust when the engine is cdld. Check the 
clearances every 10 hours. 
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Fic. 6,—Cylinder, heads and assembly. 


Fic. 7.—Construction of connecting rods. 


90 THE AIRCRAFT HANDBOOK 


Lubrication.—1. Lubricate the rocker arms each 5 hours with grade 
“600 W” oil. 
2. Change the oil in the lubrication system every 10 hours. 


Fie. 9.—Both rods and bearings assembled. 


3. Put five drops of light cylinder oil in the oil cups of the magnetos 
every 10 hours. 


Inspection.—Before starting the engine make sure that all nuts and 
bolts are tight and all controls are in proper working order. Inspect 
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the engine-mounting bolts and the cylinder hold-down nuts for tightness. 
Check the propeller hub nut. Be sure it is tight and locked. Lubricate 
the rocker arms with “600 W” oil. Put in enough so that it can be 
seen to issue from the rocker. Make sure the oil and gasoline tanks are 
filled to the proper capacity, using oil as recommended and a grade of 
fuel equal to or better than domestic aviation gasoline. Check the 
throttle, altitude mixture, and spark controls. Make sure that the 
aoe Nema = 


—---- 20°%52 -— = 
eo ------- 16'%2 


see eee 1h 


Fra. 10.—General dimensions of Challenger engine for use in installation. 


tachometer, oil-pressure gage and oil thermometer are in proper operating 
condition. Turn the engine by hand, with the switch “Off,” to be 
sure that everything is free. 

If the engine has been in storage or idle for a considerable period, 
about a tablespoonful of cylinder oil should be injected into each 
cylinder and the engine turned over several times, with the switch 
“Off,” before starting. This will insure the proper lubrication of the 
cylinder walls. Turn the shaft over at least 20 times. Have the 
throttle wide open and no fuel in the carbureters, and the switch Off. 

Controls.—Set the spark lever at about two-thirds the travel from 
the full retard position for all except hand starting. For hand starting 
have the spark lever in the full retard position. The mixture control 
should be full rich, and the throttle closed tightly or barely “cracked” 
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open. Turn on the gasoline and prime the engine giving it 3 or 4 
“shots” with the primer. Be sure the primer connection shut-off 
cock is closed after the engine starts. 

Starting.— With the controls in proper position, crank the engine at 
least two full revolutions or in cold weather until the engine turns 
freely. As soon as the engine turns freely, however, stop cranking as 
additional mixture drawn into the cylinder tends to dilute the oil on the 
cylinder walls, thereby increasing the possibility of losing compression. 


Fig. 11.—Guide for numbering cylinders. 


With the throttle “cracked” or about one-tenth open, crank the engine 
over one cylinder, turn on the ignition switch, and operate the hand 
magneto as quickly as possible in order to take advantage of highest 
compression in a cylinder, making certain before this procedure that 
everyone and everything is clear of the propeller. When the engine 
starts, advance the spark immediately. When using an inertia starter, 
the starter should be brought up to speed with a hand crank taking 
approximately 45 seconds to reach between 75 and 100 r.p.m., on the 
hand crank. Do not attempt to get the starter up to speed too quickly 
as the amount of work necessary is much greater than if it is done 
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slowly. With the controls in the proper position, the propeller clear, 
and the switch turned on the Both position the starter can be engaged 
with the trip provided. If the engine does not start, the propeller 
should be turned forward by hand with the switch in the Off position in 
order to disengage the starter for a repetition of the above operations. 


Fre. 12.—Firing order of Chieftain engine. 1, 10, 5, 7, 4, 11, 8, 3, 12, 2, 9, 6, 
looking from propeller end toward pilot. The even numbers are the front 
cylinders, 


When an electric inertia starter is provided the starter is brought up 
to speed by pressing the starter button until the pitch of the sound is 
steady; indicating that the flywheel in the starter has reached its 
maximum speed. The starter button is then pulled engaging the starter 
mechanism with the engine. With the controls properly set the engine 
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should start. Too much priming or too much mixture drawn into the 
cylinder with closed throttle causes such a rich mixture that the engine 
may not start. This will be indicated by no explosions or a feeble soft 
explosion. 

When using an electric inertia starter the engine should be turned 
over a few times with the throttle wide open and the switch off, or turned 
backwards by hand (with the propeller) with the switch off. If there 
is evidence of too much priming or too much gasoline in the cylinders, 
indicated by poor compression and no starts, it is advisable in cold 
weather to inject a small quantity of hot oil through each spark plug in 
order to lubricate the cylinder walls thereby preventing scoring of 
pistons and cylinders. This is necessary only in extreme cases. Always 
be sure that the primer supply line is shut off after starting. 


COMPLETE OVERHAUL 


Crankshaft Assembly.—Remove the oil-retainer plugs from the 
crankpins and the antipropeller end journal, taking care to identify 
each plug so that it can be replaced in the position from which it came. 

Unscrew the plug in the propeller end of the crankshaft and then 
drive out what remains of the aluminum locking pin. Wash the inside 
of the shaft out with gasoline until it is clean and replace the plug in 
the shaft. Tighten it up to where it was before and put in a new 
aluminum locking pin. Do not use anything but aluminum for the 
locking pin as the pin must be sheared off when removing the plug and a 
harder material will damage the threads. Peen the lockpin hole in the 
shaft over just enough to stop the pin from getting out of the hole. 

Clean the shaft thoroughly with gasoline, using a spray if available, 
then dry it, and if the shaft is not to be used right away be sure to cover 
it fully with some light rust-proofing compound such as light grade 
Corol compound. 

The ball bearings which form main bearings should be tested to see 
if they run freely and quietly. Put a drop or two of light oil in the 
outer race before spinning each bearing. A serviceable bearing should 
spin easily and quietly. If there is more than 0.025 inch end play in the 
bearing, the bearing should be replaced by a new one. 

There is a bearing at the anti-propeller end that does not carry any 
load but serves merely to pass. oil into the crankshaft. 
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Assemble the oil-retaining plugs back in the positions from which 
they came. Be sure all cotter pins are in place tight enough to prevent 
them from moving. 

Crankcase Assembly.—Each section of the crankcase should be 
cleaned and dried. Look the castings over carefully for cracks, especially 
at studs. 

Measure up the shafts of the idler gear and magneto drive gears. 
Compare their diameters with the diameters of their respective bushings. 
The clearance of the idler gear shaft in its bushing should not be 
greater than 0.006 inch and that of the magneto gear shafts not more than 
0.005 inch. If any of the clearances are greater renew the bushing or 
bushings and cut them to give from 0.001 to 0.003 inch for the magneto 
gear shafts and 0.001 to 0.003 inch for the idler gear shaft. 

If it is necessary to replace any of the bushings remove the bushing 
being careful to avoid losing the locking pin. Drive new bushings in 
place and put the lockpins in the holes. Then peen the holes over 
enough to keep the pins in place. All cutting of bushings should be 
done on a grinder using a jig that may be obtained from the Curtiss 
Company, for locating the holes correctly. Follow the same procedure 
for the oil pump idler gear bushing. Its clearance should be the same 
as for the magneto gear bushings. 

When all the bushings are correct, clean the case up thoroughly 
and dry. Be sure all grit is cleaned out of the case, especially where it 
could mix with the oil. 

The crankshaft can then be placed in position in the antipropeller 
end bearing (with the crankshaft in a vertical position) and the propeller 
end section slipped on over the shaft into place. Then tighten the two 
parts together pulling all the nuts up a little at a time so that there will 
be no danger of springing the case. 

Next, the spacer should be assembled on the shaft. Measurements 
should be taken of the bearing surface on which the cam assembly runs. 
These measurements (diameters) should be taken at right angles and 
at both ends of the spacer. At least four measurements should be taken. 

Compare these measurements with the bore of the bronze bushing of 
the cam assembly. If the dimensions show a clearance of not more 
than 0.006 inch and both rubbing surfaces are in good condition, oil the 
bushing and assemble the cam assembly on the spacer. Then assemble 
the shim and gear in place on the shaft. 
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The remaining gears of the cam drive should next be assembled in the 
nose piece. Inspect the bronze bushing to see whether it is smooth and 
not over 1.003 inch diameter. The adjusting shaft has a large integral 
gear. 

If the clearance of the adjusting shaft shows that the bushing should 
be replaced, the bushing should be pressed out. Be careful to avoid 
losing the locking pin for the bushing. The new bushing should be 
pressed in. The hole in the bushing for the locking pin must line up 
with the hole in the nosepiece so the lockpin can be put in place. Tap 
the pin in place and then peen over the edge of the hole so that the 
pin cannot work out. 

The bushing can then be ground using a fixture similar to that used 
at this plant. This fixture must be used to make the adjusting shaft 
line up properly when in place in the bushing. The bushing should 
be cut to 0.999 inch to 1.000 inch diameter. 

Remove the oil-pressure relief valve and clean all oil passages in the 
nosepiece, then replace the relief valve. F. 

Oil the adjusting shaft and assemble it in the bushing. The drive 
shaft assembly should be assembled into the adjusting shaft and locked 
in place by its nut and washer. 

The next step is to assemble the nosepiece on the engine. Be careful 
in placing the gasket on over the studs to avoid tearing it. To make 
sure that there is backlash in the gears of the timing train, tighten the 
nut which holds the timing dise in engagement and then try to turn the 
nut with the fingers. If the nut and the shaft, to which it is attached, 
can be “rocked” enough for the mechanic to feel a slight motion the 
gears have backlash enough. 

The flat deflector should be put in place on the shaft and then the 
propeller thrust bearing put in place. Next, the “dished”’ oil deflector 
is assembled with the flat surface next to the thrust bearing, the whole 
being locked in place on the shaft by the locknut. Be sure to get the 
latter on tight enough so it cannot loosen. 

The cover plate should not be assembled until after the engine has 
been timed. 


The engine will then be ready for assembling the camfollower guides 
and camfollowers. 


The camfollowers should be cleaned up thoroughly and inspected for 
wear. Pay particular attention to the condition of the rollers and 
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the roller pins. The rollers should be free to turn but not free enough 
to have ‘“‘wobble” on the pins. Note the edges of the rollers to see 
whether or not they are chipped. If any are chipped replace the whole 
camfollower. If the camfollowers and guides are in good condition 
oil them with cylinder oil and assemble on the engine. 

Connecting-rod Assemblies.—The master-rod bearing should be 
measured and compared with its corresponding crankpin diameter. 
If the average diametrical clearance is not more than 0.005 inch and the 
bearing material has a good appearance, do not disturb the bearing. 
If the bearings need replacing, the old shells may be removed by cutting 
off the ‘‘headed over” portion of the rivets and driving the rivets out. 
New shells should be riveted in place. Be sure the rivets are tight. The 
“pinch” or ‘‘draw” of the shells in the rod should be from 0.007 to 
0.009 inch to insure their seating tightly in the rod. 

The ‘“‘draw” may be fitted as follows: File the parting of the shells 
until the shells hold the cap and rod apart from 0.007 to 0.009 inch 
when the cap is held by hand in its place on the rod. When the cap 
is tightened up the shells are forced to seat tightly in the rod. The cap 
should be tightened in place preparatory to boring the bearing. 

The rod should be put into a fixture and the bearing finished by a 
fly cutter boring bar to a diameter which will give a clearance of 0.002 
to 0.0025 inch. The edges of the bearing should be chamfered and the 
burr formed on the edges of the oil grooves should be removed. 

Check the fit of the wristpins in the master-rod bushings and the 
short-rod bushings. There should not be more than 0.003 inch clearance 
at these bushings. - 

If it is necessary to renew the wristpin bushings in the master rod, 
press the oil bushings out and drive new bushings in their place. These 
bushings should be ground to give 0.0000 to 0.001 inch clearance on the 
wristpin. Use a Curtiss jig. The use of this jig will insure the correct 
alignment of the holes. 

The wristpin bushings in the short rods may be easily removed and 
replaced on a small arbor press, as may the piston-pin bushings. When 
cutting the piston-pin bushing of the master rod, the rod should be 
held in the same Jig. 

When the master and short rods are ready to put back in the engine, 
oil all the bearing surfaces and assemble short rods 3 and 5 on master 
rod cap 1. Have plenty of oil on the crankpin. Put the assembly in 
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through the hole in the crank-case for cylinder 5, hold the cap in place 
on the crankpin and put the master rod in place through the hole for 
cylinder 1. Be very careful to avoid “nicking” or scratching the crank- 
pins. Put the nuts on and draw the cap and rod together gradually. 
Tighten the nuts and try rotating the rod on the crankpin. If it turns 
freely, cotter pin the nuts. Follow the same procedure for master rod 4, 
putting the cap and short rods in place through the hole for cylinder 5. 

When the rods are assembled on the crankshaft, the etched numbers 
on each rod should be toward the propeller. 

Pistons, Piston Rings, and Piston Pins.—Clean the pistons up thor- 
oughly and remove all the rings. Tag each ring so it can be returned 
to the same groove in the same piston. Look at all the lands to make sure 
none are cracked or broken. 

Any carbon which may be in the ring grooves should be removed. 
Be careful not to scratch the fillets or the bottom of the groove. 

Examine the pistons closely for cracks. Measure up the piston at 
the piston ring lands and the bottom of the skirt. Do not measure 
the piston skirt parallel to the piston-pin hole as each piston has an 
eccentric relief cut from the fourth ring groove to the bottom of the skirt. 
Record the measurements. 

Try the fit of the piston pin in the piston as the pin should be an easy 
hand-push fit. If the pin is tight it is probably because carbon has 
formed in the piston bosses and a thorough cleaning will free the pin. 
Only one of the piston-pin locking rings need be removed to remove the 
piston pin. 

Measure the piston pins. If any are out of round more than 0.003 
inch or show signs of overheating, replace them. 

Measure the piston ring gaps, holding the rings in a ring gage. If any 
scarf-joint compression rings have gaps more than 0.040 inch they 
should be replaced by others. If any scarf-joint oil control rings have 
gaps more than 0.035 inch they too should be replaced. Any engines 
that have step-joint rings should have these removed and scarf-joint 
rings put in their places. 

Make sure no rings are cracked or broken. 

Reassemble the rings on the pistons. 

Cylinder Assemblies.—The cylinders should be inspected thoroughly 
after the combustion chamber, has been cleaned. Watch the head 
closely for cracks and the barrel for spots or streaks indicating heavy 
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rubbing. Test the valves with gasoline and if they do not leak do not 
grindthem. They should be removed from the cylinder head so that the 
seats may be inspected. Unless any valve looks as if it needed a slight 
touching up do not grind it. 

If the bronze valve seats appear pitted but the valves do not leak, 
do not recut them as this pitted appearance is characteristic of the alum- 
inum bronze seats after the engine has been used for a short time. If the 
valve seat is pitted, and the valve leaks, try lapping the valve in and if a 
short grinding does not stop the leaking, reface the seat. Do not cut 
any more than is absolutely necessary off the seat, and then touch the 
valve up using grinding compound. 

Measure the cylinders to determine the piston clearances. If the 
cylinder is not more than 0.005 inch out of round or the clearance is not 
greater than 0.050 inch at the top of the piston and 0.042 inch at the 
bottom the cylinder and piston need not be replaced. Practically 
all wear takes place on the piston. Reassemble the valves in the cylin- 
der head. Be sure to put the safety-lock ring on each valve stem. Put 
the valve spring back on the valves and lock the split bushing holding 
the valve spring washer in place. The bushing should be screwed 
down until the locking pin is just flush with the top of the valve spring 
washer. Put the lockpin in with the bent portion pointing UP, not down. 

After cleaning and inspecting the rocker arms and their bearings 
assemble them on the cylinder. 

It is well to overhaul cylinders 1 and 4 first. 

As soon as a cylinder is ready to assemble on the engine, oil the piston 
pin and put the piston for that cylinder on its connecting rod. Each 
piston should be assembled in the engine so that the piston boss which 
has the number stamped on it is next to the propeller. 

Be sure BOTH piston pin locking rings are tight in place in EACH piston. 

Compress the rings in place with the brass clamp furnished with the 
tool kit, oil the cylinder walls, and slip the cylinder on over the piston. 
Cylinder 1 should be assembled first. Put each cylinder on and tighten 
all the nuts down tight. A gasket compound such as “ Heldite” should 
be put on the flange and crankcase. Make sure all the hold down nuts 
are tight on each cylinder. 

Next, assemble the intake pipes. Put the clamp ring and rubber 
packing on the intake pipe and assemble the pipe on the engine. 
Tighten and lock the cap screws holding the pipe to the cylinder before 
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tightening the rubber packing and its gland in place. Do not attempt 
to pull the packing gland down enough to seat on the crankcase casting 
as it is not supposed to be drawn down so far. 

Push Rods and Push-rod Housings.—All push rods should be tested 
for straightness. Use an indicator and ““V” blocks. Rotate each rod 
in the V blocks taking an indicator reading at the center. If the 
indicator shows a ‘‘bow” of more than 0.006 inches, straighten the rod. 
All push rods are etched according to the cylinder they are used on. 

The packing gland on the rocker-arm housing should be loosened so 
the push-rod housing tube can be moved in and out of the rocker-arm 
housing. Put the push rod in its proper housing and assemble all on 
the engine. There should be some oil on each ball end of the rod. It 
will be necessary to loosen the adjusting screw as much as possible and 
open the valve somewhat in order to get the push rod in place. It is 
advisable to use new gaskets under the lower end of the push-rod hous- _ 
ings and between the rocker-arm housing and the cylinder head during 
eachoverhaul. Fasten the housings to the engine and tighten the tappet 
adjusting screws to give 0.005 inch clearance for the intake valves and 
0.010 inch for the exhaust valves. Be sure to tighten the locking screws. 

Accessory Drive.—Assemble the crankshaft gear into the crankshaft 
making sure the etched splines mesh. Cotter the nut holding the gear 
in place. Be sure the cotter is tight. Turn the crankshaft in the 
direction of rotation until the etched gear tooth reaches a position of 
about 36 degrees before the vertical. The magneto-drive idler gear 
has three sets of two marked teeth, two sets diametrically opposite and 
the other halfway between the two. This latter set should mesh with 
the marked tooth of the crankshaft. Then mesh the left magneto drive 
gear with the idler gear, lining up the etched teeth. Do the same with 
the right magneto drive gear. Assemble the oil pump drive idler gear. 

Put the cover in place over the gears, using a new gasket. Check 
the backlash of the gears. It should be 0.003 to 0.010 inch. 

Disassemble the oil pump for inspection. The dural follower gears 
probably will be scored as will the pump bodies. This scoring is 
characteristic and unless very deep will not affect the operation of the 
pump. Clean out all pump passages including the relief valve chamber. 
Reassemble the pump dry and test it by spinning.the shaft with 
the fingers. If it turns freely put, some oil into both pumps and assemble 
the pumps on the engine. If the keys, of the shaft and keyways of the 
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pump bodies are in line and the pump is held with the gear down, 
it is possible for the pump shaft to drop out. Take care that this does 
not happen. 

Assemble either the fuel pump or the substituting cover, whichever 
the engine has. 

Assemble the tachometer drive adapter after oiling it. 

The oil strainers and oil pump should be cleaned thoroughly. Reas- 
semble the strainers in the sump and fasten the sump in place. Connect 
up the oil pressure line. 

Put on the generator substituting cover. 

Magnetos.—If the magnetos have given indications that they need 
repair have them overhauled by a magneto specialist. 

The engine is then ready for timing. 

The magnetos should be timed before the valves. 

Remove the plug in the crankcase just ahead of cylinder No.1 and 
turn the crankshaft in the direction of rotation until the line marked 
“IGN. 1” lines up with the line on the side of the hole. On some 
engines the line marked “EX. OPENS 5” coincides with the 
line marked “IGN. 1.” Turning to the line marked “IGN. 1” puts 
the crankpin of cylinder 1, 36 degrees beyond top center, and in the 
correct position for timing the magnetos, the magnetos being timed on 
cylinder 1 and the valves on cylinder 5. The line on the counterweight, 
lines up with the line in the hole when piston 1 is in firing position 
and where both lines coincide; also when piston 5 is 96 degrees beyond 
bottom center, the point where the exhaust valve of cylinder 5 starts 
to open. Some engines will probably have separate lines for timing the 
magnetos and the valves. 

Magneto and Valve Timing.—If the magneto-drive coupling has not 
been removed from the magneto shaft, the shaft can be turned until 
~ the distributor gear marks line up with the marks on the frame, then 
mesh the coupling with the magneto drive gear coupling. Tighten the 
magneto mounting nuts enough to provide friction so the magneto 
can be turned by tapping it with the hand. 

Tap the magneto to a retard position. If “feelers” are to be used 
for setting the magneto, separate the breaker points and insert a 0.0015 
or 0.002 inch thickness gage or “feeler.” Tap the magneto in the 
direction opposite to the rotation of the shaft until the points barely 
release the feeler. Tighten the magneto in this position. Then rotate 
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the crankshaft backwards about 20 degrees, and put the feeler between 
the points again. Turn the crankshaft in the direction of rotation ~ 
until the feeler is released. See if the line on the counterweight and 
the line on the hole line up. If they do not, shift the magneto to make 
them line up when the points start to separate. Repeat with the other 
magneto. Hach magneto should be replaced in the same position on the 
engine it was in before the overhaul. Be sure the spark advance lever 
of the magneto is in the full advance position when timing. 

If a small light is to be used in timing, put a piece of insulating mate- 
rial between the bronze arm carrying the breaker points and the springs 
making contact with this arm. Connect the light, battery, and breaker 
points in series. Time the magnetos as described before, moving the 
magneto until the light goes out instead of the release of the feelers. 

If the magneto couplings have been disturbed, remove the couplings 
and keep trying them in different positions on the magneto shaft until 
a position is found where the magneto can be tirfied by the method 
described before. : 

Assemble the ignition cable assembly on the engine but leave the 
distributor blocks off one magneto. 

To time the valves leave the crankshaft in position for cylinder 1 to fire, 
if there is but one mark on the center weight, that is, with the magneto 
distributor gear marks lined up, and the line on the counterweight lined 
up with the line in the hole. If there are two timing marks, turn the 
crankshaft backwards past the other mark enough to take the blacklash 
from the gears and then turn it forward to the valve timing mark. 

Loosen the nut of the adjusting shaft about two turns and push 
the nut in enough to free the serrated timing disc. Using the wrench, 
turn the timing gear shaft (put wrench in hole to engage pin) until 
the exhaust valve of cylinder 5 just starts to open. Tighten the nut. 

Turn the crankshaft backwards about 20 degrees and then move it 
forward slowly until the exhaust valve of cylinder 5 just starts 
to open. See if the line on the counterweight and the line in the hole 
match up. If not, time the engine again. Cotter pin the nut and put 
on the thrust-bearing cover. 

Put the spark plugs in the cylinders. Tighten them in place so that 
they will not loosen. The spark plug gaps should be_0.015 inch for 


B. G. and AC. (AC dot) plugs. All plugs should be clean both inside 
and out. Connect the spark plug wires. 
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Put on the rocker-box covers. 

Pour about 2 quarts of oil into the gearcase through the hole in the 
starter deck and put on the starter or starter substituting cover. 

The carbureter should be inspected before being replaced. 

Fasten the carbureter spacer and carbureter in place. Connect up 
the exhaust heating equipment for the carbureter. This heating 
equipment should not be altered in any way. The valve in the elbow at the 
carbureter spacer should be fully open in cold weather and nearly closed in 
hot weather. For other temperature conditions the valve should be be- 
tween these positions. 


CHAPTER 3 
THE WASP AND HORNET ENGINES 


The Wasp and Hornet engines are manufactured by the Pratt and 
Whitney Aircraft Company of Hartford, Conn., to whom we are 
indebted for the following information regarding their proper main- 
tenance. These engines were first used in large quantities by the United 
States Government in army and navy airplanes and are now being 
extensively used in commercial transport service. The Wasp is shown 
in Figs. 1 and 2. 

Both the Wasp and Hornet engines are radial, nine-cylinder air- 
cooled. They are alike except in size. The main dimensions are as 
follows: 

i pa Sh ee ES a 


Commercial rating at 1,900 Wasp Hornet 
r.p.m. 400 500 

Gylinderstcsas was fee tans) O00, 0079 inches | 6.125 X 6.375 inches 
Compression ratio..........- 5.253 L 5555 Ih 
Piston displacement........| 1,344 cubic inches 1,690 cubic inches 
Outside diameter........... 505¢ inches 541% inches 
Mounting bolt circle....... 223¢ inches 2234 inches 
Total length. . .| 483 inches 445¢ inches 
Length back of Penne: 1414 inches 141% inches 
Distance from mounting bah 

©. i. of prdpeller.....-.. 2374 6 inches 251146 inches 
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The unique features of this engine are its solid master connecting 
rod and two-piece crankshaft, the forged-aluminum crankcase, enclosed 
valve gear, built-in supercharger, and the grouping of all accessories 
at the rear. These major features combined with painstaking manu- 


-———— 


Fic. 1,—Front end of Pratt and Whitney ‘‘ Wasp.” 


facture make possible the Wasp’s dependability and a high performance 
for the airplane with which it is equipped. 

Crankcase.—The main crankcase is divided into two. similar sections 
in the plane of the cylinders and united by nine through bolts between 
the cylinders as well as by the cylinder flanges. With this construc- 
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tion, the explosion forces are equally distributed between the two main 
bearings, one of which is carried in each section of the case. 

The nose, or front section of the case, is hemispherical in shape. It 
carries a deep-row ball bearing which transmits the thrust of the pro- 


engine, 


Fig. 2.—Back end of ‘‘ Wasp’ 


peller from the shaft to the engine mounting via the crankcase. The 
valve tappets are also carried in this section, which encloses the cams 
and their operating mechanism. 

The blower or mounting section supports the engine in the airplane 
and is attached to the rear of the main case. The supercharger is carried 
in this sectién, together with its gearing. The mixture is fed into an 
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annulus from the impeller and thence to the cylinders by means of 
tangential pipes. The rear or accessory section of the case is attached 
to the blower section. It carries all the accessories, including two 
Scintilla magnetos, momentum starter, fuel pump, double Stromberg 
carbureter, oil pumps, strainer, and relief valve, tachometer drive, 
and two synchronizer. drives. Provision is also made for mounting 
and driving a generator. The blower and rear sections of the case form 
an assembly and may be removed from the main case as a unit, without 
disturbing any of the accessories or their gearing. Likewise, the main 
and nose sections may be removed as a unit with the cylinders in place, 
leaving the blower and rear sections in the airplane. 

Crankshaft.—The single-throw, two-piece crankshaft is supported on 
three roller or ball bearings. There is one on each side of the crankpin, 
and the third, just behind the propeller hub, takes the propeller thrust 
as well as radial load. To assemble the single-piece master rod, the 
shaft is divided into a forward and rear section, as in Fig. 3. The 
crankpin is integral with the forward section, which transmits the power 
to the propeller hub carried by it. The rear section telescopes into the 
crankpin and is carried completely through it. The two sections are 
united by a through bolt and kept in the proper angular relation by 
splines. 

Connecting Rods.—The master connecting rod has a solid instead of 
detachable-cap big end. This construction makes possible high crank 
speeds which have been impossible with the two-piece rod. Babbitt- 
lined, big-end bushings are inserted in the rod and bear directly on the 
crankpin. Eight I-section link rods are attached to the master rod by 
means of knuckle pins. Each rod is bronze bushed for the piston and 
knuckle pins. il is carried under pressure to the big-end bearing and 
also the knuckle pins. 

Cylinders.—The cylinder barrels have integral fins and are machined 
from steel forgings. Each barrel is screwed and shrunk into a cast- 
aluminum cylinder head. This is a permanent joint and cannot be 
disassembled. Each cylinder has one inlet and one exhaust valve, 
seating on inserts which are shrunk into the head casting. 

' The proper cooling of the exhaust-valve seat and stem is of great 
importance, especially in an air-cooled engine. The Pratt and Whitney 
engine has the valve gear housed in extensions cast on thé cylinder head. 
These parts form additional radiating surface, and the one on the exhaust 
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side is provided with cooling fins. As a result of this construction, 
valve grinding is not necessary oftener than every 200 to 300 hours of 
service. 

Valve Mechanism.—All valve-operating parts are enclosed. The 
rocker arms are supported by ball bearings in the rocker housings which 
are part of the cylinder head. The 18 tappets are located in the front 
section of the crankcase and actuate the rocker arms through tubular 


Fig. 3.—Crankshaft of Wasp engine. The one in front shows how it is made in 
two parts that fit together with splines and are held by a through bolt. 


duralumin push rods which have hardened-steel ball ends. These 
rods are enclosed by telescopic covers held in place by springs. The 
cover tubes can be collapsed by hand, and bayonet locks are provided 
to retain them in this condition while they are being removed. Each 
rocker housing has a removable cover held in place by a spring bail. 
These covers and the push-rod covers and push rods can be removed 


without special tools. 
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Two concentric valve springs are used, secured to the valve stem by a 
split cone and washer. Inlet- and exhaust-valve springs are inter- 
changeable. The valve springs can be removed without taking out the 
rocker arms. After the push rod is taken out, the rocker arm can be 
tipped up far enough to allow the valve springs to pass. The valve- 
clearance adjusting screw is in the end of the rocker arm over the valve. 
A half ball is used between the adjusting screw and the valve stem to 
minimize friction at this point. 

Timing Gear.—The cams, which actuate all the valves, run on a 
sleeve on the crankshaft. A train of spur and internal gears drive 
the cams at one-eighth crankshaft speed in the opposite direction to 
the crankshaft rotation. The cam-drive gear on the crankshaft is not 
keyed to the crankshaft but to the sleeve on which the cam itself rotates. 
The front end of this sleeve has a large number of serrations which mesh 
with similar serrations on the rear end of a sleeve which carries the pro- 
peller thrust bearing. These two sets of t®eth are normally held 
tightly together by the thrust-bearing nut. When the engine is being 
timed, however, this nut, is slacked off, the two sleeves are slightly 
separated, and the cam can then be turned by a special wrench which 
has teeth to engage with one of the cam-drive gears. After the adjust- 
ment is made, it is locked by screwing up the propeller thrust-bearing 
nut. 

Accessory Drives.—The accessories are driven by three lay shafts 
which extend entirely through the blower and rear sections. Each 
shaft carries a spur gear at its forward end, which engages with a gear 
attached to the rear of the crankshaft. The upper shaft provides a 
drive for the momentum starter and a generator, if used. Each of the 
two lower shafts drives a magneto at its rear end, through a readily 
adjustable coupling. Besides this, two vertical drives are provided for 
by a bevel gear on each shaft. The upper drive is for the synchronizer 
heads and tachometer, while the lower drives an oil pump on the right 
side and a fuel pump on the left. 

The supercharger impeller shaft is in line with the crankshaft and 
driven from it at high speed by two pairs of spur gears. 

Lubricating System.—The oil-pump assembly consists of two gear 
pumps, one supplying oil under pressure to the engine bearings, and 
the other for scavenging. Oil is taken from the tank by the pressure 
pump, and after passing through a strainer located just forward of the 
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carbureter is carried through the blower section, down into the sump, and 
thence up into the hub of the cam drum in the nose of the engine where 
it is fed into the crankshaft. A relief valve to regulate the oil pressure 
is located beyond the oil screen just off the strainer chamber. The 
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Fie. 4.—Wiring diagram Wasp engine looking at magneto end. 


crankpin bearing, knuckle pins, cam drum, cam-drum pinion shaft, 
accessory shafts, and the supercharger gearing are all lubricated by oil 
under pressure. Oil is taken from the strainer chamber by drilled pas- 
sages to lubricate the accessory drives. All the other engine parts are 
provided for by the mist or spray from the pressure-oiled parts, except 
the rocker armé and the magnetos. The felt reservoirs in each rocker 
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bearing must be replenished manually. All the oil drains into a sump 
carried between the cylinders 5 and 6, from which it is returned to the oil 
tank by the scavenging pump. The discharge or warm oil is carried 
in a jacket around the carbureter elbow to prevent the throttle freezing. 

Intake System.—Fuel is supplied to a double Stromberg carbureter 
by a C-5 fuel pump, which is equipped with both a pressure-regulating 
valve and a bypass valve for the hand pump. The mixture is taken from 
the carbureter and delivered to the cylinders by means of a General 
Electric centrifugal supercharger, the impeller of which, in normal 
operation, runs approximately 10,000 r.p.m. The fuel pump, carbu- 
reter, and supercharger are located at the rear of the engine. A mixture 
control is provided which is effective to 25,000 feet. 

Ignition.—Ignition is furnished by two nine-cylinder Scintilla magne- 
tos located at the rear of the engine, each firing spark plugs in all nine 
cylinders, thus giving two independent sources of ignition. A Splitdorf 
hand-booster magneto is furnished for starting ignition. The wiring 
diagram is shown in Fig. 4. 

Starting —An Eclipse momentum starter is furnished with each 
engine. Energy is stored in a small flywheel running at high speed 
which furnishes power to start the engine. This equipment is capable of 
turning the propeller from four to six complete revolutions on one 
winding. 

Equipment.—Each engine is completely equipped and ready to run. 
The equipment includes a Stromberg carbureter, two Scintilla magnetos, 
an Eclipse momentum starter, a C-5 fuel pump, and a Standard Steel 
propeller hub. Each engine is shipped in a substantial wooden box, 
together with a complete set of tools and an instruction book. 


INSTALLATION 


Unpacking.—The Wasp engine is packed for shipping with the crank- 
shaft in a vertical position. The upper part of the shipping box is 
merely a cover and is held in place by woodscrews passing through the 
iron lifting straps. One screw in each strap is covered by a seal, and 
these must be removed before the screw can be taken out. Lifting off 
the cover will then expose the engine. 

A quantity of oil is put in each cylinder before the engine is shipped. 
While the cylinders are in the horizontal position, remove the spark 
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plugs from the underside of the cylinders and turn the crankshaft around 
two or three times to clear out the surplus oil. Clean the plugs and 
replace them. 

Lifting —Two lifting eyes are provided on the engine crankcase. 
These are located at either side of the top or cylinder 1. A lifting 
yoke or sling should be provided to hook into these eyes, having a 
spreader so arranged that the lifting ropes or rods will not touch the 
cylinders or other engine parts. After removing the box cover, the box 
can be turned on its side so that the engine is in an upright position. 


4p ‘Return Pipe to Tank 
N H % Primer Line to Engine 
ie Fuel Pressure Gage 
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°<-~ Primer 


\_ Shut-OFF Cock Controlled trom Dash 
; “Filter 
if fi Pump Operated from Dash 
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iy Copper Tube Drain 
Fig. 5.—Installation diagram of Wasp engine. 


Caution: Do not.let the box tip over. The sling can be attached and the 
weight of the engine taken up by the hoisting rope as the box is being 
turned. 

Take out the bolts Pitch attach the square steel mounting plate to 
the box rather than the ones which attach the engine to the plate. The 
box can then be slid away toward the rear, taking care not to damage 
pipes or other parts of the engine. After this, the steel plate can be 
removed from the engine. 

Mounting.—The engine is held in place on the supporting flange by 
nine 7%» inch bolts. These will be 314 inches long in the average case 
and should be provided with castellated nuts, washers, and cotter pins. 
Figure 5 shows engine installation and connections. 
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When putting the engine in position, the nose may have to be tipped 
down at an angle in order to pass the carbureter through the hole in the 
mounting flange. When doing this, particular care should be taken not 
to strike the magneto or other fragile parts. 

Fuel Supply.—The carbureter is a Stromberg, Type NAY-7A. Type 
C-5 fuel pump is used» One-half-inch diameter tubing is recommended 
for all fuel connections, and in no case should smaller than #¢-inch 
diameter tubing be used except for the safety drain from the fuel-pump 
gland. The latter is $4 inch and must be carried down and out of the 
cowling without sharp bends and traps and be cut off square. The 
piping required includes a supply pipe from the main tank to the fuel 
pump and a return pipe from the fuel pump back to the tank (see piping 
diagram). A pipe from the fuel pump to the carbureter is supplied. 
There is a }<-inch pipe tap in the carbureter which can be used for 
connecting to the fuel-pressure gage. A 6-pound gage should be used. 
A strainer is incorporated in the carbureter, and all fuel should also be 
strained when filling the tank. 

The primer furnished with each engine can be mounted on the instru- 
ment board or near the starting crank and connected to the primer 
piping which is already on the engine. The fuel supply for the primer 
can be taken from any convenient point, preferably at the lowest place 
in the line but certainly where fuel is always available. 

A shut-off cock must be included in the primer-supply line at the 
primer pump, to prevent fuel from entering the engine through the 
primer system except when priming. 

Oiling System.—The oil should be located near the engine and, 
if possible, slightly above the center of the engine; a large head, 
however, is not desirable, since it may cause oil to leak through 
the pump when standing for a long time and fill the engine. In 
designing the oil tank, figure on an average oil consumption of 114 
gallons per hour. 

The filler should be at least 2 inches in diameter and must be located 
so as to insure an air space above the oil equal to at least 10 per cent of 
the volume of the oil. 

A 34-inch vent should be provided in the top of the tank. If this can 
be arranged so that oil will not issue from it when the plane is being 
maneuvered, the vent pipe can be carried down and out of the fuselage. 
Otherwise, this pipe should be connected to the engine crankcase. A 
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hole may be tapped in the generator hole cover plate just forward of and 
above the starter, for this purpose. 

A large drain valve should be accessibly located under the oil 
tank. 

The oil piping to and from the engine should be 1-inch seamless cop- 
per tubing and should have as few bends and connections as possible. 
Smaller piping will give trouble in cold weather when the oil is thick. 
See the oil-connection diagram for the proper hook-up. 

The oil strainer is at the rear of the engine, just forward of the car- 
bureter. Provision should be made in the cowling and structure to get 
at this readily. The oil-pressure relief valve is at the side of the strainer 
chamber and faces toward the rear and the left side and should be made 
accessible. 

The oil-pressure gage connection is on the right side of the engine at 
the rear of the mounting flange and is tapped }¢-inch pipe thread. 
Copper tubing 57, inch O. D. should be used, with a pig tail at the 
engine, and a 150-pound gage. ‘The oil-thermometer connection is also 
on the right-hand side and is in the oil-outlet passage. This is tapped 
5g inch, 18 threads. The thermometer should read in degrees Fahrenheit 
to 212°, or in degrees Centigrade to 100°. 

Ignition.—Ignition is provided by two Scintilla magnetos, Model 
VAG-9D. Both magnetos have clockwise rotation, looking at the driving 
end. A Splitdorf hand-operated booster magneto is provided for start- 
ing and should be wired to the trailing-brush connection (marked H) on 
one of the main magnetos. The base or frame of the hand magneto 
must be grounded or connected to the engine crankcase in order to get 
the best results. A magneto switch is supplied and has a connection for 
grounding the starting magneto as well as the main magnetos. This 
must be connected as a safeguard against accidental starting. Seven- 
millimeter wire is used for high-tension connections. See the wiring 
diagram for the marking of the magnetos and switch. 

Inspection Facilities.—The cowling forward of the firewall should be 
easily removable, and large inspection doors are desirable in each side 
cowling just forward of the firewall to give access to the magnetos, oil 
strainer, etc. 

Controls.—The location and movements of the throttle, mixture con- 
trol, and sperk-timing control are shown on the installation drawing, 


Fig. 5. f 
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Cowling.—In designing enclosures for the Wasp engine, the cylinder 
heads must be left exposed. Examination of a cylinder of the engine 
will show that the first ten cooling fins counting up from the crankcase 
are very thin. These fins are on the cylinder barrel. Above this point, 
the fins are thicker and are on the cylinder head. All of the thick fins 
must be exposed, and two or three of the thin ones, also. <A certain 
amount of cooling is required for the crankcase, and for this purpose, 
forward-opening louvers should be provided in the front part of the cowl 
to take air in, and backward-opening louvers should be provided near 
the rear of the engine just in front of the firewall to let the hot air out. 
As many and as large holes as possible should be made in the mounting 
plate, to permit good air circulation. 

Exhaust Pipes.—The exhaust-port flanges furnished with the engine 
are intended to be welded to 214 inches O. D. No. 20 gage steel tubing. 

Air Intake.—An air scoop is required. This should project through 
the under part of the cowling and be cut off at an angle of 30 degrees 
to the horizontal. It is desirable to run an exhaust pipe through this 
air horn or make some other provision for warming the air. 

Tachometer Drive.—Two tachometer drives are provided, one on each 
side of the engine. Connections are threaded to take the standard 
swivel head so that the shafts can be brought off in any desired direction. 
The driving spindles rotates counter-clockwise, looking at the engine, 
and run at one-half crankshaft speed. 

Starter—Flywheel starter Model M-1932, of the Eclipse Machine 
Company is generally supplied, but others can be used. The start- 
ing crank is detachable and requires an outboard support or bearing 
where it passes through the cowling. The location of this support 
is shown on the installation drawing. A rigid rod to pull the starter 
trigger should be carried to the cockpit. This has to be pushed to 
disengage the starter, if a start is not accomplished. 

Attaching Propeller.—The propeller should be carefully checked for 
balance and tracked before being placed on the engine. The crankshaft 
splines and thread should be lightly oiled before the hub is placed on the 
engine. Excessive oiling will only result in oiling the cowling, ete. 
The propeller-hub nut should be screwed up solid but should not be 
forced with a heavy sledge. Recheck the track after attaching the 
propeller to the engine. The hub can be removed by backing off the 
same nut used to hold it in place, no other puller being required. Be 
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sure that the propeller-hub nut is locked with a 3/,¢-inch diameter 
by 33-inch long cotter pin which extends completely through hub 
and nut. 

This propeller should be of such design as to hold the engine speed 
down to approximately 1,900 r.p.m. in level flight, 


OPERATION 


Starting.— Retard the spark, set the mixture control full rich, crack 
the throttle slightly open, and turn the ignition switch to the ‘‘on” 
position. Make sure that the fuel supply is turned on and pressure 
pumped up with the hand pump to at least 3 pounds. Insert the start- 
ing crank and wind_up the starter. There is little danger of cranking 
the starter too fast. Enough energy should be stored up to crank the 
engine at least two or three complete revolutions. This takes about a 
minute, and the starter speed necessary will be learned after one or two 
trials. When starting stone cold, prime the engine with three or four 
complete strokes of the priming pump. Pull the primer plunger back 
slowly to obtain a full charge and push it in rapidly to atomize the fuel. 
When the starter has been wound up, quickly buzz the hand magneto 
and pull the starter trigger. If everything is in good condition, the 
engine should start immediately, even in cold weather. As soon as the 
engine starts, advance the spark. 

When the engine is warm, two or three strokes of the primer will be 
enough. Jf the engine does not start immediately, do not keep on priming 
but find out what is wrong. LHxcessive priming washes the oil from the 
cylinder walls and is very likely to cause scoring of the pistons and cylinders. 
The primer fuel supply should be shut off as soon as the engine starts. 

If the engine fails to start, check to see whether the switch is on, the 
throttle is just cracked open, the mixture control is set full rich, and 
there is actually fuel at the carbureter and at the primer; also, that the 
starting magneto gives a good spark at the running magneto. 

If the starter runs down before the engine starts, the starter jaw will 
be left in engagement. Before the starter can be rewound, it is neces- 
sary to disengage the jaw, either by pushing in the starter trigger or by 
turning the propeller forward a short distance. 

Hard Starting.—An engine in good condition should start promptly, 
regardless of the air temperature, providing the above instructions are 
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carefully followed. Hard starting is often found to be caused by leaky 
primer lines or primer pump packing. All primer connections should 
be kept tight, and the pump packing properly adjusted. In some instal- 
lations, it is necessary to operate the wobble or hand pump while 
priming, as otherwise the primer may not receive any fuel. Another fre- 
quent cause of hard starting is that a strong spark does not reach the 
running magnetos from the starting magneto. This can be readily 
checked by removing the high-tension lead from the hand-starting mag- 
neto and trying it on the engine, at the same time turning the starting- 
magneto crank. The spark should jump from 14 to 3¢ inch without 
difficulty. If it does not, it is likely that the insulation on the high- 
tension wire has been damaged or that a proper ground has not been 
provided between the hand-starting magneto and the engine. 

Ground Test.— After starting, run the engine slowly, in order to warm 
it up gradually, until the oil temperattire has reached 100° F. or 40° C. 
After the oil has been warmed up, the engine should be gradually brought 
up to full throttle. Before doing this, be sure the wheels are properly 
blocked and the stick pulled back. With the throttle wide open, try 
both magnetos with the switch, observe whether the fuel pressure is 
between 3 and 4 pounds and the oil pressure from 75 to 100 pounds, also 
the propeller speed. For ships equipped with propellers permitting a 
level-flight propeller speed of 1,900, the ground speed of the propeller 
will be between 1,500 and 1,650 r.p.m., depending upon the type 
of the propeller used. 

Do not operate the engine at full throttle on the ground for more than 
a moment or two. Continued running under these conditions is 
unnecessary and will result sometimes in damaging the engine. In 
some installations, the effective part of the propeller blades is so far 
removed from the crankshaft that insufficient cooling is provided for 
the engine while the plane is at rest, although the installation may 
be perfectly satisfactory while in the air. 

Rough Running.—The usual cause for rough running, providing the 
ignition is functioning correctly and the carbureter is properly adjusted, 
is an unbalanced or fluttering propeller. The Wasp engine is carefully 
balanced at the factory and should run very smoothly. If it does not, 
the propeller should be inspected. First, if it is a metal propeller, the 
angle of the blades at the same station should be carefully checked on a 
surface plate with a protractor. Next, it should be balanced on a man- 
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drel and tracked. After this inspection, the blades should be observed 
for flutter while running at full speed on the ground. This condition 
may not exist at low engine speeds but becomes pronounced at full 
throttle. The substitution of a propeller from another ship which is 
known to run smoothly will sometimes be found a convenient check of 
this situation. 

Oil Pressure.—Oil pressure should register immediately after starting. 
If there is no indication on the oil-pressure gage after 30 seconds, stop 
and check up the oil supply and especially the oil-suction pipe connec- 
tions. A very small leak in the oil-suction line will prevent the oil 
pump from working properly. Do not continue running the engine 
unless oil pressure is obtained. The normal operating pressure is 75 
to 90 pounds at 1,800 to 1,900 r.p.m. and 50 to 60 pounds idling. 
Average oil consumption is between 1 and 2 quarts per hour. 

Low oil pressure is usually due to an air leak in the line from the oil 
tank to the pressure pump. For this reason, the connections should be 
carefully checked. Be sure that an adequate amount of hose, at least 
an inch, overlaps both the pipe and the connection on the engine, in order 
to have sufficient area for the hose clamp. No adjustment is provided 
for the oil pressure, as low pressure indicates trouble in the lubricating 
system which cannot be corrected by a new adjustment of the relief 
valve. If the connections are tight and the proper kind of oil used and 
still the pressure is low, it may be due to a loose cam bearing or a loose 
master-rod bearing. These two possibilities are very unlikely and 
should be investigated only after all other possible causes have been 
considered. 

Excessive oil consumption and fouling of spark plugs may be due to an 
air leak in the pipe which takes oil from the sump to the suction pump 
ontheengine. See if the flanged joints have good gaskets and are bolted 
up tight. 

The oil outlet temperature should be 140° F. with amaximum of 170° F. 

Oil Leaks.—Particular care has been taken in the design and manu- 
facture of the Wasp engine to insure its being oil tight. Leakage is an 
indication of trouble and consequently should be investigated. For this 
reason, it is strongly recommended that the engine be kept clean, so that 
any oil leakage may be noticed and readily traced to its source. 

The Wasp engine is designed to run on domestic aviation gasoline. 
Do not attempt to run at full throttle on ordinary automobile gasoline. 
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Only the best oil should be used. It should be free from acid. For 
air temperatures of 40 to 90° F’. the open-cap flash point should be 465° F. 
as a minimum and a burning point of 520° F., and a specific gravity 
of 0.886 and a viscosity of 105-115 at 210° F. For weather below 40° F. 
use oil one grade lighter. All oil should be strained before pouring 
into the tank. j 

The mixture control should be kept at full rich for all flying below 5,000 
feet, especially when landing. The mixture control should be used above 
5,000 feet, being careful to adjust it so that the maximum r.p.m. is 
obtained. This can best be done by flying level with the throttle in the 
fixed position and observing the tachometer. 

Treatment of New Engine.—Careful treatment of a new engine pro- 
longs its life and is just as necessary as proper driving of a new automo- 
bile. Each engine is run approximately 15 hours at the factory before it 
is shipped, and it is thought that a total of at least 25 hours’ careful run- 
ning is desirable. During the first 10 or 15 hours of operation in the 
plane, it is well to warm up the engine gradually after each start and to 
stop gradually, also, rather than shut off suddenly from full speed. 
During this period, the engine should not be run wide open any more 
than absolutely necessary, and sudden acceleration should be avoided. 
The same precautions apply to some extent at any time during the life 
of the engine. 

As a further aid in running a new engine, it is recommended that a pint 
of oil be added to each 10 gallons of gasoline for the first 10 hours of 
operation. 

These measures, together with careful attention to maintaining the 
proper oil pressure and frequent change of oil, will result in polishing all 
moving parts so that long and trouble-free service will be rendered. The 
first 10 hours in service are the most important in an engine’s life. 

Caution.—The Wasp engine should render dependable service for long 
periods of time without disassembly, providing the engine is kept clean, 
properly adjusted, and operated as recommended. It is highly desirable 
not to disassemble the engine any more often than is absolutely necessary. 
Remember that most troubles can be overcome by external adjustment. 


Prriopic INSPECTION 


After every 10 hours’ flying, the engine should be-given an external 
inspection for loose nuts and»oil connections and oil leaks. The car- 
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bureter filter and engine oil filter should be cleaned. The spark-plug 
insulation should be wiped off, as dirt or soot on the outside of the plugs 
can cause short-circuiting. 

After every 25 hours of flying, the valve-rocker axles should be lubri- 
cated with heavy cylinder oil (not grease) by means of a pressure gun. 
The felt plugs in the valve rockers require engine oil, which can be 
applied with an oil can after removing the valve covers. The only other 
parts of the engine not automatically lubricated are the two magnetos. 
These should be lubricated with a good grade of medium-bodied 
machine oil every 25 hours of flying. Put about 40 drops in the front 
oiler and 10 drops in the rear one. 

The magneto-breaker points should be set with a maximum opening 
of 0.012 inch. The points must be kept clean and free from oil. Keep 
the breaker housing clean and free of excess oil. The felt wick should be 
kept saturated with oil at all times. Oil the carbureter throttle shaft 
bearings. 

The proper valve clearance when cold is 0.010 inch for both the inlet 
and exhaust. This is measured between the valve stem and the valve 
adjusting screw ball which pushes the valve open. It is necessary to 
lift up the rocker arm against the pressure of a light spring before the 
clearance gage can be inserted. In checking valve clearances, the 
engine should be turned well past the point where the valve closes; other- 
wise, a false indication of clearance will be had. A box wrench 
for the valve-adjustment lock nut and a valve-clearance gage are found 
in the tool kit furnished with each engine. Some of the earlier engines 
have a cam giving the inlet valves a pg of 11476 inch. Later engines, 
rated at 2,100 r.p.m. have a lift of 9%» inch tae both valves. Do not 
try to check the valve timing with ie running clearance of 0.010 inch. 
A special adjustment of the valve clearance of 0.060 inch on all valves 
for engines with the low lift cam and of 0.050 on the inlet and 0.060 inch 
on the exhaust valve with the high lift cam, must be made before the 
engine can be timed. While the covers are off for the purpose of check- 
ing clearance, it is well to look at the valve springs to make sure that 
none is broken. A valve spring can be replaced without removing its 
rocker arm. Depressing the valve with the tool provided allows one to 
take off the push-rod enclosure and push rod. The rocker arm can then 
be tipped up out of the way so that there is room to take out the valve 


spring. f 
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Storage.—When the engine is to be taken out of service and put in 
storage, all dirty oil should be drained out. About 1 pint of clean engine 
oil should be put in each cylinder, and the crankshaft turned around 
several revolutions to make sure that the cylinder walls are well covered. 
Spark-plug holes should be closed either with plugs or corks, and the 
exterior of the engine cleaned. Oil the valve rockers, the carbureter 
throttle shaft, and the magnetos, and also oil all external bright metal 
parts. 


Top OVERHAUL 


A top overhaul should not be necessary oftener than every 200 or 300 
hours in normal service operation. Before commencing such work the 
engine should be checked to see that such an overhaul is really required. 

Need for Top Overhaul.—The usual indication that an engine needs 
adjustment or possibly a top overhaul-is the reduction in engine speed 
on the ground with fullthrottle. It should be borne in mind, in this con- 
nection, that extremes in temperature or barometer due either to atmos- 
pheric condition or altitude will affect the propeller speed sometimes as 
much as 50 to 100 r.p.m. and must be allowed for. 

First check the mixture control to make sure that the lever on the car- 
bureter is in the full-rich position when the control lever in the cockpit is 
in the corresponding location. Next, check the spark advance at the 
magnetos in the same manner. At the same time, check the magneto 
breakers with the feeler gage furnished for this purpose. The gap should 
be 0.012 inch. The points should be smooth and free from oil. Clean 
the strainers in the fuel-supply line, and be sure that fuel reaches the car- 
bureter in adequate quantities. The best way to determine this is to 
disconnect the pipe at the carbureter and open the fuel valves, observing 
whether the pipe runs full of fuel or not. The valve and magneto timing 
should be checked. While this is being done, examine the valve springs 
for breakage. 

After the above checking has been done, and adjustments made, if 
necessary, start the engine and warm it up at low speed (800 to 1,000 
r.p.m.), until the temperature of the entering oil is at least 100° F. or 
40°C. Next, try the engine at full throttle with the mixture control set 
full rich and the spark full advanced. Observe the r.p.m., oil pressure, 
which should be between 75 and 100, and fuel pressure, which should be 
between 3 and 4 pounds. Next, check the operation of the ignition by 
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running first on one magneto and then on the other. If the ignition is 
found satisfactory and fuel pressure is 3 or 4 pounds and the engine still 
does not turn up to the required ground speed, it is probable that a top 
overhaul is necessary. One other check, however, is suggested: After 
the engine has been stopped by running the fuel out and allowed to cool 
down for 5 minutes, the compression should be tried in the various cylin- 
ders. It will be necessary to turn the engine over two complete revolu- 
tions in order to test the compression in all nine cylinders. If this is 
found to be good, it is not likely that a top overhaul is needed, and there 
is probably some other reason for the loss in revolutions. 

Disassembly.—Tools for making ordinary adjustments and minor 
repairs are found in the canvas tool roll furnished with each engine and 
includes the following special tools: valve-spring compressor, spanner 
for inlet-pipe nut, cylinder-nut wrench, box wrench for valve-adjust- 
ment locknut, valve-clearance gage. Ordinarily, a top overhaul can 
readily be accomplished while the engine is installed in the airplane. 

First place the airplane in a clean, protected spot. Dust and dirt 
wear out more engines than anything else. Then remove the cowling 
surrounding the engine. Next, the engine should be thoroughly washed 
off with gasoline before attempting any disassembly work. With the 
engine thus prepared and some tins or boxes provided for the parts to 
be removed, the cylinder hats should be taken off. The push-rod 
enclosures are removed by telescoping the tubes and locking them by 
means of a slight twist, after which the valve springs should be com- 
pressed by means of the tool provided in the tool kit. This will permit 
the removal of the push rods and enclosures. In this operation, care 
should be taken that the valves are closed before trying to compress the 
springs. Although the push rods are marked at the tappet end to corre- 
spond with the cylinder numbers, it is best to lay them out in the order 
in which they are removed from the engine. It is highly desirable that 
they be replaced in the exact position from which they came, as the ball 
ends have been worn to a perfect seat. 

With the push rods removed, the next operation is to take off the inlet 
pipes. In doing this, the spanner wrench provided should be used for 
loosening the packing at the bottom of each pipe before removing it. 
The packing nut should not be entirely unscrewed. Care should be 
taken in handling these intake pipes, as they are readily dented. Take 
off the oil sump, which is between the two bottom cylinders. There are 
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two oil pipes which connect to the top of this casting. The rear one 
stays in the engine, and the front one comes off with the sump. It is 
necessary carefully to pull the sump straight down in order to keep 
from bending these two pipes. 

Cylinder 1 should be removed last and installed first. This cylinder 
positions the master-rod. A special wrench will be found in the tool 
kit to remove the cylinder stud nuts, after which the cylinder can be 
readily removed. In doing this, however, care should be taken not to 
allow the piston to drop and thereby become nicked. Care should 
also be taken not to mar the bottoms of the cylinder barrels. These 
should be carefully set down on wood in order not to distort or burr the 
end of the barrel. 

As soon as any one cylinder has been taken off, the piston should be 
removed by pushing out the wristpin. If this cannot be readily done, 
head or top of the piston should be slightly heated by means of a blow 
torch, and the pin tapped out by using a fiber drift shaped to fit the 
wristpin plug. Care must be taken not to drive these pins with any 
considerable force. The application of more heat will expand the piston 
sufficiently to enable the pins to be removed with ease. 

Inspection of Connecting Rods.—With the cylinders removed, an 
inspection should be made of the master connecting rod and link rods. 
By moving each one, both up and down and sideways on the crank- 
pin, a rough check can be made of the clearances. If these parts are in 
good condition, very little play will be found in the master rod, except 
sideways on the pin. The link rods (Fig. 6), however, will feel somewhat 
loose, as they have normally 0.002-inch clearance on the diameter of the 
pin and 0.006 to 0.008 inch sideways. It is advisable to try the wristpins 
in their respective rods. It should not be possible to insert more than 
a 0.002-inch feeler between the pin and the bushing. If more than 
0.003-inch clearance is found, it is desirable to replace the bushing. 

Unless the engine is particularly dirty, it is not advisable to wash the 
rods and shafts with gasoline, as it is rather difficult to re-oil them 
satisfactorily. Consequently, after the inspection, a large, clean piece 
of cloth or paper should be tied around the entire crankcase while the 
cylinders are being overhauled. 

Removing Valves.—To facilitate the handling of the valves, a block 
of wood should be secured between 5 and 544 inches in diameter and aha 
inches long and rounded at the upper end to fit the cylinder dome. 
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Care should be taken that this wood is kept clean, as chips or dirt will 
readily mar the cylinder barrels. By placing the cylinder over this 
block, the valves will be held shut, and it will be easy to remove the 
valve springs by using the tool provided. It is not necessary or desirable 
to remove the rocker arms to take out the valve springs. As soon as 
the spring has been depressed, the split cone can be removed and the 
valve washer and valve springs taken out. After this is done, the lock- 
ing wire should be removed; this will be found snapped into a groove 
near the outer end of the stem. Next, be sure that there is no burr on 
the valve stem, particularly at the edge of the lock-wire groove. In 
case there is, it should be removed with a fine file before attempting to 
remove the valves. 

An examination should be made of the valve stems and their clear- 
ance in the valve guides before any regrinding is attempted. Care 
should be taken not to use emery cloth on the valve stems unless abso- 
lutely necessary, since it removes the glaze resulting from continued 
operation of the engine. The guide clearance can be checked by means 
of plug gages furnished in the station tool equipment. If the clearance 

-is excessive, the valve guide should be replaced. 

Valve Grinding.—Before attempting to regrind the valves, any exces- 
sive carbon should be removed from the cylinder heads, great care being 
taken not to mar the valve seats during the operation. The carbon 
should also be removed from the cylinder side of the valves. The valves 
should be carefully handled in order to avoid scratching or burring the 
seats. 

Valve-grinding tools are provided for holding the inlet and exhaust 
valves while grinding. ‘The grinding compound should be kept away 
from valve guides and cylinder bores, and all traces of it should be 
washed away after the grinding operation is finished. 

As a rule, it should not be necessary to recut the valves or seats, lap- 
ping with grinding compound being sufficient to put both the valves and 
seats in good condition. After the valve grinding has been completed, 
the parts should be very thoroughly cleaned before reassembling, and the 
valve stems oiled, as well as the rocker balls, push-rod balls, and rocker- 
arm bearings. Be sure to replace the safety snap rings on all valve 
stems as soon as the valves have been put into their guides. 

Inspection of the Pistons.—The piston rings should bear around their 
entire circumférence and preferably have no more than 0.025-inch end 


124 THE AIRCRAFT HANDBOOK 


clearance when the ring is in the cylinder. Moreover, they should be 
entirely free in the ring grooves. If it is necessary to replace rings which 
do not meet these requirements, it is desirable to put the new rings in 
the lower grooves. In this way, the old rings which fit the cylinders 
will provide proper protection for the new rings until they are run in. 
New oil rings shouldbe used if the scraping surface is more than half 
the width of the ring. 


Fre. 6.—Rods assembled on crank- Fic. 7—The assembled cylinder. 
shaft. This shows how the right The aluminum head is shrunk on at 
small, or link rods, fit into main or 300° F. with both a plain and 
mother rod. threaded fit. 


The wristpin should be a push fit in the piston at room temperature, 
or 70° F. If it is too tight, the piston should be carefully reamed to 
provide the proper fit, using the reamer in the station tool equipment. 
It should be noted that, in cold weather, due to the contraction of the 
aluminum, the pin will be tighter than normally. 

Before reassembling the cylinders on the crankcase, an examination 
should be made of the cylinder pads on the crankcase, and all burrs, 
etc., should be removed; these might cause oil leaks. A cylinder is 
shown in Fig. 7, mounted on a convenient base for assembling the 
valves. (The rods are shown assembled on the crank shaft in Fig. 6.) 
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Assembling.—To reassemble the engine, replace piston 1 on the 
master rod with the piston number facing the propeller. Carefully 
space the piston rings so that the slots on the compression rings are 120 
degrees apart; in other words, so that they are spaced equally around 
the piston. See that the oil-scraper ring is in place, with the scraping 
edge toward the bottom. Next, carefully oil the piston with clean engine 
oil, and wipe out the cylinder barrel and oil it. After this is done, 
compress the piston rings by means of the ring clamp provided in the 


Fic. 8.—Blower section of the Fig. 9.—The impeller of the super- 
supercharger, showing the gears in charger which is driven at five times 
the front chamber for driving auxil- the crankshaft speed by step-up 
jary machinery. ; gears. 


station kit, and put on cylinder 1, which should be carefully and com- 
pletely fastened down before attempting to install the next cylinder. 
The hold-down nuts should be tightened down evenly all around with 
the wrench provided and safety wired. Repeat the above process for 
the installation of the other eight cylinders, and then replace the push 
rods in their enclosing tubes, being careful to put them back in the same 
position as they formerly had. Be sure, moreover, that the gaskets at 
both ends of the enclosure tubes are in good shape and in proper posi- 
tion. Next, attach the intake pipes, being careful that the packing 
end of the pipe is round and smooth. The three-cornered intake gasket 
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on the cylinder should be in good condition. If not, replace it. Do not 
tighten down on the packing nuts with anything but the spanner wrench 
provided in the tool kit, and note that these nuts should not be tightened 
up too tight, or damage will be done to the intake pipes. 

With the cylinders, push rods, and intake pipes in place, set the valve 
clearance to 0.010 inch, using the box wrench provided. It is essential 
to turn the engine half a revolution from the intake closing before 
attempting to set the tappet clearance for any particular cylinder. This 
will insure the valves’ being on their seats. As there is a spring in each 
tappet which keeps the push rod engaged with the rocker arm, it is neces- 
sary to lift the rocker arm in order to insert the clearance gage. It is 
not necessary to retime the engine after a top overhaul, as the cam 
mechanism is not disturbed. 

Figure 8 shows the blower section of the supercharger which consists 
of two chambers. It shows the gears in the front chamber for driving 
the auxiliary mechanisms in the rear section. Figure 9 shows the 
impeller of the supercharger. 

Before replacing the oil sump, remove the screen and clean it. Be 
careful that the front pipe is in place in the sump and the rear pipe in the 
blower section, and that both are round and smooth. Do not force the 
sump up into place. The suction pipe which takes oil from the bottom 
of the sump must have a good gasket and must be bolted up tight. 

Before attempting to start the engine, the routine inspection referred 
to in the paragraphs on Periodic Inspection should be conducted. 

Running In.—It is desirable to operate an engine which has been 
given a top overhaul for 2 to 3 hours with gradually increasing speed 
before attempting to run the engine at full throttle or fly the plane. 
This running should be done before replacing theengine cowling. After- 
ward, a check should be made for oil leaks and the tightness of all con- 
nections, etc. If a whole new set of rings has been used on any one 
piston, or other new parts installed, it is desirable to run the engine at 
least 2 hours more, and it is preferable to operate it with the least possible 
amount of full throttle running for 5 or 10 hours thereafter, in order that 
the new parts may be properly run in and seasoned. If the engine turns 
up to its customary ground speed, and the oil pressure is between 75 
and 100 pounds at full throttle, the engine can be considered in good 
shape and ready for further service. After running in,the valve clear- 
ance should be rechecked, as the valves may have bedded in somewhat. 
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The engine must be cold when the clearance is checked, or a false indica- 
tion will be given. 
TABLE or Firs—Wasp ENGINE 

(When three figures are given, the second figure indicates the desired fit. 
The other two give the tightest and loosest fits permissible. Dimensions 
given in inches T means tight and L loose.) 
SES Aaa aN URI ee a ere 
Thrust bearing and case—end clearance | 0.0036 T | 0.0025 T | 0 .0074 L 
Thrust bearing cover ring and case— 


CIAMMEtCD Rene ematee rere eet ee 0.0315 L | 0.037 L | 0.0425 L 
Thrust bearing cover and case—diam- 

eter. a6 ...| 0.0035 L | 0.005 L | 0.0065 L 
Thrust henuny rth Bea iniioter © -| 0.0003 T | 0.001 L | 0.0015 L 
Thrust bearing and Spaeeee diameter: Site shies e 0.0002 T | 0.0014 T 
Thrust bearing spacer and crankshaft— 

GREWIVE AS al pesion ota eee oe 0.0005 L | 0.001 L | 0.0025 L 
Crankshaft and plug.. | 0.0005 T | 0.002 T | 0.0035 T 
Thrust-bearing spacer Sind Tees ae 

SCRA soc nbidlad dito as eGo OBE 0.0005 T | 0.001 L | 0.0025 L 
Crankshaft and key.. .| 0.0005 L | 0.000 0.0015 T 
Thrust bearing pacer Fail kev to0 

clearance. . whe de LOOT ry O01, Un OsOzomme 
Cam drum and pisheng. -,...| 0.0065 L | 0.008 L | 0.0095 L 
Cam drum—end Clemence 280 Ne AMAT eratciaret 0.008 L 
Cam-drive gear and ring........ | O.Col iy) OOO BW || MC0R; 4 
Cam-bearing spacer and ete ae 

clearance. . .| 0.000 0.004 L | 0.008 L 
Cam-drive gear to Pe chare also 

cam-bearing spacer and crankshaft...| 0.0005 L | 0.001 L | 0.0025 L 
Front main bearing and crankshaft... .| 0.0003 L | 0. 000 0.0013 T 
Front main bearing and liner.......... 0.001 L | 0.0008 L | 0.0028 L 
Front main bearing liner and case... ..| 0.008 TDA OFOLOMena ROROLZ mean 
Front main bearing liner and case 

(large diameter)...........-.---+:- 0.002 L | 0.005 L | 0.008 L 
Wranicanattramd pile yetiehere ete de oc 0.000 On0025e Ee RORO0 Smee 
Conia cat olde. eocee sac? 210-0025 T0001, 0.0005 T 
Crankease main and front.......-.--- 0.000 0.001 L | 0.004 L 
Crankease main and blower..........-| 0.000 0.001 L | 0.004 L 
Blower and rear case..........-.--+-+| 0.000 0.001 L | 0.004 L 
Main crankease and bolt......-.----- 0.0005 T | 0.0015 L | 0.0015 L 

f 


ns 
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TaBLE oF Fits—Wasp Encine.—(Continued) 


Cam reduction gear and bushing—end 
ClEATAN CE eee yt ee ee 0 
Main crankcase and cam-reduction gear 


NUlteeenCEClear ali Cease tye ane 0. 
Cam-reduction gear and bushing— 
diameters mes tee ore HAD 
Main crankcase and cam-reduction gear 
[SKE SIAVbATEa, cones SAS Obits Stet ae eG eae et oe | 0. 
Cam-reduction and cam-countershaft | 
(REP UE BaGac) or No er ontilo Ie NShaus, & er ie eee ae 0 
Valve tappet and pin................ 0. 
Valve-tappet roller and pin........... bee 
Valve tappet and valve-tappet roller— 
elder clearance ac ...,... eee. cen | 0 
Valve-tappet guide and_roller—side | 
CICATAN COR emia Meet tg eat a ae 0 
Tappet guide and pin...... etn ae eee 0 
Tappet guide and roller pin—end clear-_ 
LOVE Sh 3 rs BEN a a ee ee 0 
Valve guide and valve................ 0 
Front crankease and valve guide... ... | 0 
Valve tappet and valve guide.........| 0 
Valve tappet and push-rod socket... . . 0 
Push-rod ball end and push rod....... 0 
Push-rod ball end and pin............ 10 
Push-rod tube, inner and outer........ 0 
Cylinder head and valve seat........ .| 0 
Exhaust valve and valve SUE we eee NO 
Cylinder head and valve guide—inlet | 
AMC CXMAUSE Scie nas oo an Oe a) 
Cylinder head and push-rod tube..._.. | 0 
Inlet valve and valve Puid eee ey ees EO) 
Piston and cylinder sleeve (upper)..... 0 
Piston and cylinder sleeve (lower).....] 0 
Piston pin SNC DIG ye. sah yell 0 
Master rod and bushing 5.240geeke var 0 
Piston pin and bushing............___ 0 


.008 L 


.000 
.002 L 


02th 
003 L 
0005 L | 
000 

0005 T 
0005 T | 
009 T 
002 L 
0065 T 
005 L 


.0005 T 
.020 L 
.0015 L 
.0386 L 
.028 L 
.0015 T 
.0015 T 
-00175 L 


o 


00325 L 
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TABLE oF Firs—Wasp Encine.— (Continued) 


PistoneandepiscOnepilerereseeetee te 
Cylinder sleeve and piston-pin plug— 

endkclearance acing oem cts 
Main crankcase and cylinder sleeve.... 
Crankshaft front and crankshaft rear— 

large diam eterna... ie ce! 
Master rod and bearing.....<........ 
Crankshaft front and bearing......... 
Crankshaft and bearing—end clearance 
Crankshaft rear and bolt.....7....... 
Articulated rod pin and master rod... . 
Articulated rod pin and plug.......... 


Master rod and bushing—end clearance 


Articulated rod and master rod—end 


ClOATANC Caetano caren ake ree 
Master rod and articulated rod pin.... 
Articulated rod pin and bushing....... 
Articulated rod and bushing.......... 
Rear main bearing and liner.......... 
Crankshaft and main bearing—rear... . 
Main bearing liner rear and crankcase. . 
Blower-shaft bearing cage and case... . 
Blower-shaft bearing cage and ball 

[SCANNERS 2.6% no calor tre. oO trond peo BenIONs 
Blower shaft and impeller spline fit— 

outside diameter....... 
Blower shaft and ta peiler apline fit— 

inside diameter...... 
Blower shaft and Meco one re 


Blower shaft and ball bearing. . 

Blower case and ball bearing. . 

Cylinder head and rocker shatt—ball 
bearing. . ee aap 

Rocker pit fal ball benrnoe 

Valve rocker and shaft (Giammeter) « 


SE I ee 
r; 


0.00015 L} 0. 
0.036 L | 0. 
0.002 L | 0. 
0.000 0 
0.000 0. 
0.002 L | 0 
Des oe aa 0. 
0.001 L/} 0. 
vogmieene 0. 
0.000 0. 


0008 L 


052 L 
007 L 


.0005 T 


OO 


.0025 L 


012 L 
003 L 
000 

0015 T 


ee) SS] a ea7>) 
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.00125 L 


.068 L 
.012 L 


OO] ae 
.002 T 
.003 L 
.0195 L 
.005 L 
.001 T 
.003 T 


Fit to 0.006 inches L to 0.008 inches 


L at assembly 


011 L 
.0005 L 
.001 -L 
.0015 T 
.0003 T 
.0001 L 
.008 T 
000 


.0003 T 


.000 


=) 


So 


=) 


Sone) Ser] S&S) 


015 L 


000 


.0015 L 
.002 T 
.0008 L 
.000 

010 T 
COI “At 


.0006 L 
.001 L 
.001 L 
.0002 L 
.0005 T 
001 L 


0008 L 
.000 


000 


Sa Sao ]q_qVve 


0 


0 


.019 L 
Gol “i 
.0025 L 
.0045 T 
.0015 L 
.0015 T 
ROU 
.002 T 


.0015 L 
.002 L 
.004 L 
.0015 L 
001 T 
.0014 L 


.0013 L 
0. 


0007 T 
0004 T 
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TaBLE oF Firs—Wasp ENnciInn.—(Continued) 


Valve rocker and shaft—end clearance.) 


Cylinder head and rocker bearing cover 
Rocker bearing cover and bolt........ 
Magneto advance—yoke and pin..... 
Oil pump end plate und body......... 
Oil pump body and rear case.......... 
Oil-pump drive gear and key.......... 
Oil-pressure gear and key.. : 
Oil-suction idler gear and bode ond 
ClEATANICOMncts waters eset omnes Siero 
Oil-pump drive gear and oil-pump idler 
shaft in oil-pump end plate.......». 
Oil-pressure idler gear and _ oil-idler 
suction gear in oil-pump body and oil- 
pump rpressure DOG Ya qe eae 
Magneto drive shaft and bushings..... 
Magneto drive shaft and key.......... 
Steel propeller hub snap ring and pro- 
peller hub—side clearance.......... 
Crankshaft and propeller hub—side 
ClEATAN CC meni we ears Nn .8 oe eee hee 
Crankshaft and propeller hub—outside 
CiaIMeterde rps morreds co <sho-ste kis aero 
Crankshaft and propeller hub—inside 
CIDIMNGTCT ee wenn carat nectar recta, eh ne: 
Propeller hub clamp, female and head 


Crankshaft rear and crankshaft front— 
Smalledianme terme mise ateicre tener 

Blower-shaft ball-bearing closure and 
blower-shaft bearing cage. 

Blower impeller and case (fit 0 0. 015 te 
0.020 inches). . ee : 

Generator drive gear andl eal bean 


(= 


0004 T 


.000 
.000 
.0005 T 
.000 
.000 
SOO LL 
SCO Lee L 


001 L 


001 L 


.0001 L 


.0005 T 


(=H ifeo | Ken Naw tom ahens Mile 28 f=) 


.006 
004 
.004 
.001 
.001 
.002 
.0005 T | 
.0005 L | 


ph Sallie eles Pali 


L 


L 


.0005 T 


.0005 L 


oo oo © & ©@:0 


(=) 
(=) 
Or 
in 


ro) 
oS 
oo 
ae 


S 
w 
ow oer 


.0009 T 


.0013 L 
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TaBLE or Frrs—Wasre Enerne.—(Continued) 
eee eee een ee ee ee ee 


Generator support and ball bearing— 


ENGaClearancemerpiie ca eye es es — O2OO1S a ROnOOSmmn mOROOZi7asle 
Valve rocker bearing bushing and cylin- 

AemhCAd see ee cere ts| O0015 51 OOo A | OANOS Ir 
Vin venOCkKer alGuCUpstsrcte cis eal 0.000 0.001 T | 0.0025 T 


eee 


THE HORNET ENGINE 


The Pratt and Whitney Hornet engine is of the same general design 
as the Wasp but is larger. The Hornet has nine radial cylinders of 
61< inch bore and 63¢ inch stroke. The outstanding features of the 
Wasp are also embodied in the Hornet and include a one-piece master 
connecting rod, two-piece crankshaft, forged duralumin crankcase, 
enclosed valve gear, built in supercharger, and the grouping of all 
accessories at the rear. 

The design of the Hornet engine is such that 87 per cent of the parts 
used in its construction are interchangeable with the similar parts of the 
Wasp engine. The rear half of the engine and all accessories but the 
starter are identically the same as those used on the Wasp. In addition 
to these, the sump and many of the small engine parts are interchange- 
able. This system of construction has the highly desirable result of 
reducing the quantity of parts that must be carried in reserve where 
both the Wasp and Hornet engines are used. 

The main crankcase, nose section, crankshaft, cam, pistons, and cylin- 
ders are larger than the corresponding Wasp parts. Tappets, breathers, 
and some of the push rod and push-rod cover parts are the same pieces 
used on the Wasp but the tappet guides, valves, and valve springs are 
different. A larger size of starter is used and the carbureter is equipped 
with larger chokes. 

The same considerations apply to the mounting of the Hornet engine 
as to the Wasp. On account of the large size of the Hornet cylinder, 
free circulation of cooling air is essential and the cowling must be so 
constructed as to expose all of the cylinder-head casting and at least 
a part of the cylinder barrel. There should be no large diameter 
cowling or exhaust manifold immediately back of the engine to obstruct 
the flow of/air away from the engine. It is also desirable to have a 
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good circulation of air all around the crankcase of the engine and around 
the oil tank to assist in keeping the oil cool. A three-bladed propeller 
should be used. 

The suggestions on the operation of the Wasp apply equally to the 
Hornet. An additional precaution is necessary, however, in the case 
of the latter, owing to the larger size of propeller used. Do not operate 
the engine at full throttle on the ground longer than necessary to check the 
maximum speed. The effective part of the propeller blade is so far 
removed from the crankshaft that insufficient cooling is provided for 
the engine while the plane is at rest, although the installation may be 
perfectly satisfactory while in the air. 


INSPECTION AND OVERHAUL 


The same rules apply for the Hornet as for the Wasp. The valve 
clearance when cold is 0.010 inch for both inlet and exhaust. The 
instructions for overhaul are written to specifically cover the Wasp, 
and the following points of difference should be noted when working on 
the Hornet engine: 

The wood block which is placed inside the cylinder to facilitate 
handling the valves will be 12 inches long. 

When timing the Hornet engine, set the valves of cylinder 1 with 
0.062 inch clearance (on both inlet and exhaust), being sure that the 
cam is at the lowest point when this is done. After completing the 
timing operation, set the clearance of all valves to 0.010 inch. 


CHAPTER 4 
WRIGHT WHIRLWIND ENGINE J-6 


The Whirlwind engine (manufactured by the Wright Aeronautical 
Corporation, Paterson, N. J.) has undergone several changes; the J-5 
having given way to the J-6 which is built in three sizes, developing 150, 
225, and 300 horsepower respectively. The cylinders are all of the same 
size, 5-inch bore by 514-inch stroke, the power being secured by using 
five, seven, and nine cylinders. As 94 per cent of the parts are alike on 
three engines, the data applies to all three sizes in nearly all cases. 
The cylinders are numbered clockwise as viewed from the rear of the 


WRIGHT WHIRLWIND ENGINE J-6 


133 


engine, No. 1 being at the top. Two views of the new engine are seen 


in Figs. 1 and 2 
The main specifications are: 


They are all fixed, radial and air-cooled. 


Nine Seven Five 
Model. . R-975A r-760A R-540A 
Number. ot eeylinder OSE as eee 9 VE 5 
BOLO mID CM Cseucpecws wey-garrcey ev isiees el 5 5 5 
Stroke imCh@siian-..ccate sass 5.5 5.5 5.5 
Piston displacement, in cubic inches. ... 972 756 540 
Compression-ratio..........%......-- Omura Ol 119 
Normal speed, in r.p.m. 2,900 2,000 2,000 
Normal brake pers powers i sea Neve! 
and at normal r.p.m. with aviation 
PASONNC tak Gas ee = Ws oe 320 235 170 
Guaranteed brake horsepower, at sea 
level and at normal r.p.m. with 
AVAATIONY PASOMNEs tenis ces ora oe 300 225 165 
Direction of rotation of crankshaft, 
looking at rear end of engine... .... Clockwise | Clockwise | Clockwise 
Average weight of engine, pounds...... 530 455 380 
Position of center of gravity: 
Distance forward of rear face of 
mounting bosses, inches. . 7.0 7.0 6.5 
Distance above center line bf Panne 
shaft, inches.-....-.--+.-+s4+--: 0.2 0.3 0.3 
Diameter of mounting bolt circle, inches 1914 19 AG 1914 
Number of mounting bolts. . 8 8 
Size of mounting bolts, Coe Rt ee 36 oh 36 
Overall diameter of engine, inches.... . 45 45 45 
Ignition 
ee ean rr 
Magneto type (Scintilla). . | V-AG9-DF| MN7-D-F | MN5-D-F 
Direction of rotation of magneto dae Counter- | Counter- | Counter- 
looking at drive end. clockwise | clockwise | clockwise 
Magneto speed, in multiples of crank- 
ANCA) 01000 Osa NR ao % % % 
0.012 0.012 0.012 


Magneto breaker point gap, inches..... 
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Ignition (Cont.) 
Spark plug gap: 
ACG Wp lS emi Chess isa eens 
B. G. plugs, inches .-. 
Spark occurs, in Hepes pero ioe 
center: 
FEUY.Se Init 0111010. LO eee 
Getta gneto ne pre, ether cee ee 
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Nine | Seven 

0.025 .025 

0.015 0.015 
25 25 
25 Ps) 


Valves and timing 


eee 
® | | 


Intake opens, 
center. : 
Intake ees in sbneee ates Sotaa 


in degrees before top 


Exhaust closes, in degrees after top 
CEINUCL rte acrnia te a gat Sere Be 
Intake remains open, in crankshaft 
DO PECES coterie thnk. Occ ul etn eee 
Exhaust remains open, in crankshaft 
EEO rs acca erie aso Cae rene 
Valve rocker clearance, both valves, 
cold: 


10 


60 


75 


30 


0.070 
0.010 


10 


10 


60 


75 


30 


a ee 


Fuel system 


Carbureter type (Stromberg)........., 
Guaranteed fuel consumption at guar- 
anteed power and normal r.p.m., in 
pounds per brake horsepower-hour., . . 
Fuel pressure, in pounds per square inch 


NA-R9 


0.55 
2 to 4 


0.55 
2 to 4 


0.55 
2 to 4 
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Lubrication system 


Nine Seven Five 
Guaranteed oil consumption at guar- 
anteed power and normal r.p.m., 
in pounds per brake horsepower-hour 0.035 0.035 0.035 
Oil pressure, in pounds per square inch: 
IW Grevomnubhnel Webbie, 5 Gaba ood eeeo soar 15 15 15 
At normal r.p.m. and normal oil 
Penne la vUren materi set er a 40-60 40-60 40-60 
Minimum safe quantity of oil in whole 
system, gallons.............-.----- + 4 4 
Desired oil outlet temperature in normal 
operation, degrees Fahrenheit...... 140 140 140 
Maximum permissible oil outlet tem- 
perature under worst conditions, 
degrees Fahrenheit. . : 190 190 190 
Speed of oil pump, in Peltiples of ee 
AWM Whoo d 6 oso bone Omen o mon 1 1 1 
Hose connection nipples, outside diam- 
eter, MChes ian eye ele eh oa ih gee 1 1 1 


Accessory drives and instrument connections 


Oil temperature (USN-USAC Standard).......+.. 9@ imch-18 BR 
RlpressUNG ss ace atm se es est Ses st lg inch pipe tap 
Optom weMtoces sadeceusoeeocdanco guab eae oes 3 inch pipe tap 


Fuel-pump flange and drive......-------+++s000> US Air Corps. Type C-5 
Fuel-pump speed. . see _ Crankshaft 
Fuel pump, Giecticn es orntion: (Observer facing 
FeATIOT CDEING et ees tee re eee Counter-clockwise 
Starter flange and drive.. _.. US Air Corps 
. Starter rotation (Observer fo acing rear as icine we _ Counter-clockwise 
Riarter shalt speed ses tnasnsa des wo ey ees st 42 os. K cs. 16 ©.8. 
Generator flange and drive.......----+-+ss0000°> USAC E-3 or E-4 
Men erator BDeCU ses c nice ce sthen sets et ee eto 1.43 times crankshaft 
Generator direction of rotation (Observer facing 
PeaETOL COPING tera: Soeur oye 2 See NEP 
Tachometer drive shaft........---:+++ssteectte 
Tachometer drive speed.....------ss rt rrrr ts 


Counter-clockwise 
US Air Corps 
14 crankshaft 


Tachometer drive direction of rotation......-.---- one clockwise, one 
va counter-clockwise 
§. A. E. No. 30 


Propeller hub spline.......--+-s+ssrrr erent 
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Weights of accessories 


| Nine | Seven Five 

| | 
tLe etn MO UN See DED Pete, 220 
Hand starter (Eclipse Series 6)........| 20.0 20.0 20.0 
Hand-starter crank and extension sha(t 5.0 5.0 5.0 
Propeller hub, for two-bladed metal | 

propeller teeter mcm ewe eer es (2350 ae eee 23.0 

XD aUs tao] eee en ee 27.0 24.0 20.0 
Nose COWLIN Geiss... Pane ee 6.0 | 6.0 6.0 
Air cleaner and adapter.............. | py hie 5.75 5.75 
Air heater and cleaner............5...| 8.75 | 8.75 | 8.75 
Generator (Eclipse Model G-1)...*.... LORO el a0 | 16.0 
a | ee 


The engine-mounting ring for the J-6 must be of larger diameter than 
the engine-bolt circle and must have lugs that project inwardly so as 
to provide clearance over the magnetos and give greater accessibility 
to fuel, oil, and tachometer connections. 

In laying out the engine mount, space should be allowed for the 
airmaze and heater as shown on Wright Aeronautical Corporation 
installation drawings, these parts being furnished in place of the 
“hot spot” after approximately the one hundredth engine. 

Cowling.—Attention is called to the fact that, due to the increased 
power developed per cubic inch of displacement, these engines require 
more cooling than the J-5. The standard nose cowl furnished with the 
engine is designed so that part of the air is admitted through holes in the 
central portion. It is absolutely essential that ample provision be 
made for the flow of this air around the crankcase and lower portions 
of the cylinder barrels. This is accomplished by providing a large - 
number of louvers in the cowl in rear of the engine and eliminating as 
far as possible the restriction of the air flow in the rear of the engine 
section. 

Flight tests indicate that, except in very cold weather, 7.e., below zero 
Fahrenheit, it is not necessary to close the shutters in the nose cowl. 
In warming up on the ground, moreover, practically no air is forced 
through the holes in the nose cowl so that the engine can be warmed up 
as quickly with the shutters open as with them closed. For this reason, 
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although provision has been made for attaching a control lead to the 
shutter, it is not necessary to arrange for cockpit control. 

In order to avoid interference with the nose cowl it is necessary that 
the clamp rings on the metal propeller hubs be turned so that the bolts 
and hinges are on the sides instead of front and rear. Propeller manu- 
facturers will balance propellers with the rings in this position. 


Fic. 1,—Front end of J-6, R-975-300 horsepower. 


From results obtained to date it is apparent that it is not practicable 
to use the N. A. C. A. type of outer cowling over the nose cowl and 
exhaust manifold furnished with the engine. The Wright Corporation 
is making up a special combination of exhaust manifold and’ cowling 
of the N. A. C. A. type. 

Exhaust System.—An exhaust manifold is furnished with the engine. 
There are two elliptical tail-pipe outlets on the Nine and a single cir-. 
cular outlet on the Seven and the Five. These manifolds are made of 
black iron and/ while this material resists corrosion, it 1s recommended 
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that some protective coating be used. Before shipment the manifolds 
are coated with a heat-resistant graphite paint. While this material 
has been found quite satisfactory, and is recommended for use, it will 
be necessary to renew it occasionally, particularly if the plane is flown 
through rain. If it is at any time impossible to obtain this type of 
paint, ordinary stove polish may be used. 


iy 


Fie. 2.—Back of J-6-300 horsepower Whirlwind. 


The first one hundred Whirlwind Nine engines have an elbow on the 
exhaust manifold for the attachment of the pipe to the mixture heater 
or hot spot which is furnished with these engines. In order that this 
extension may be properly located, it is necessary that the two-tail 
pipe elbows be placed between cylinders 4 and 5 and cylinders 6 and 7. 

After the one hundredth Nine engine and on all Whirlwind Seven 
and Whirlwind Five engines, the hot spot was replaced with the air 
heater mentioned above. The hot-spot elbow was then eliminated and 


the exhaust manifold turned so that one of the tai : 
: e tail pip 
beneath the carbureter, pipes passes directly 
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Fuel and Oil Lines.—All fuel and oil lines should be as short and as 
straight as possible in order to avoid “air locks.” Brace all lines well 
to guard against vibration and chafing. 

Locate the oil strainer furnished with the engine in the “‘oil out” line 
and at a point where it is easily accessible. 

Lubrication System.—The oil tank should be located so that it is 
exposed to an air flow on all sides and at such a height that the level of 
the oil in the tank is above the engine oil pump, thus eliminating priming 
difficulties. 

The vent from the tank may be piped into the engine crankcase, 
using 44-inch piping and entering the crankcase through a 3¢-inch pipe 
tap hole in the rear section of the case. With the vent installed in this 
fashion, oil will not be spilled from the tank during stunt maneuvers of 
the plane. 

The oil-pressure line should be to 3¢-inch in diameter with ordinary 
length of line, connecting the pressure gage on the instrument board 
with the pressure outlet on the left side of the oil pump. 

The oil-temperature thermometer should be located in the 5¢-inch 
18P hole provided in the oil strainer cover. 

An additional thermometer connection, to be used for test purposes, 
is provided on the lower left side of the rear section of the crankcase. 
A thermometer installed in this connection measures the temperature 
of the oil coming from piston and cylinder walls which is considerably 
higher than that of the outlet oil. This temperature also fluctuates 
rapidiy with changes in throttle openings. If this connection is used, 
there should be no cause for alarm if this temperature runs in excess 
of 200° F., provided the temperature of the oil at the strainer does not 
exceed 190° F. 

Flight tests indicate the absolute necessity for cooling the oil. As 
this may be done in a number of ways and each plane presents its own 
problem, no specific recommendations can be made. As suggestions, 
however, the use of finned tubing in the oil-return line, scoops, forcing 
cold air through tubes through the oil tank, or a separate oil radiator 
are worthy of mention. 

Fuel System.—The standard Army-Navy fuel-pump mount and 
drive are provided, permitting the installation of any one of several 
types of fuel pumps without alteration. The pump discharge should 
be connected ,to the carbureter and the pressure relief line should be 
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piped back to the fuel tank. If a pressure-relief valve is not supplied 
with the type of pump employed and the pump feeds directly to the 
carbureter, one must be provided as a separate unit, situated in the fuel 
line between the carbureter and the pump. 

If no pump is used, the carbureter should be connected to a gravity- 
feed tank through 3g inch piping. This tank should have at least a 
20-inch head when the plane is inclined at its steepest angle of climb. 
This will insure a steady flow of gasoline to the carbureter. 

The priming pump is furnished with a “shut-off” valve located near 
the primer plunger and provided with a right-angled handle which will 
extend across the plunger handle when in the “‘ Off” position, indicating 
in a clear and forceful mannerewhether or not the line is closed. This 
is a matter of utmost importance, as leakage through the priming line 
is liable to flood the lower cylinders with raw gasoline and cause 
considerable damage. 

The primer-fuel supply is drawn from the main fuel line through the 
reducing tee furnished with the engine and the primer discharge is 
connected to the diffuser,chamber at the base of cylinder 1 intake pipe. 

Magneto Wiring.—Connect the top connections ‘‘P”’ of the mag- 
netos to the points marked “R Mag” and “lL Mag” on the ignition 
switch. Connect the point marked ‘Grd’ on the ignition switch to 
the engine crankcase. Protect these lines carefully against chafing 
and wear. 

If a booster magneto is installed in the plane, connect the high- 
tension lead of the booster to the point marked “H”’ on either magneto. 
The booster magneto frame must be grounded to the engine crankcase. 

Tachometer Drive Connections.—A dual tachometer drive is located 
on the right of the rear section just above the fuel pump. The connec- 
tions are U. 8. Air Corps standard with a 3< inch-18 thread. The 
drives rotate at one-half crankshaft speed. 

Starter.—Any one of several types of starters can be used. A rigid, 
outside bearing in line with the starter shaft will be necessary. This 
bearing should have sufficient clearance to allow for slight misalignment 
of the hand crank and starter shaft. A push-pull control is needed for 
operating the engine dog. 

Propeller and Hub.—The propeller blade angles should be set to 


allow the engine to turn at approximately rated speed at full throttle 
with the plane in level flight. 
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OPERATION 


Starting Preparations.—After the installation of the engine in the 
plane, fill the gasoline tank with a good grade of domestic aviation 
gasoline, see that there is at least 5 gallons of good quality aviation 
engine oil in the oil tank, make sure that the priming pump and hand- 
fuel pump (if installed) are in proper working order, operate all controls 
to see that they are unrestricted throughout their ranges, and turn the 
engine through at least four revolutions by hand to ascertain that 
everything is clear. 

Starting.—Prime the engine, ordinarily with seven or eight strokes, 
more if the engine is cold. With throttle control “‘Closed,’’ mixture 
control “Full rich” and spark control ‘Full advance,” operate the 
starter. The carbureters on these engines are equipped with a pump 
for supplying the accelerating charge of fuel. This may be used as an 
aid to starting, by moving the throttle back and forth from closed to 
about three-fourths open. If the engine shows a tendency to kick back, 
retard the spark about halfway. 

As soon as the engine fires, advance the throttle until the tachometer 
registers a speed of 600 r.p.m. and adjust the spark control to the 
Full advance position. Should the engine fail to start after several 
attempts, reprime it and try again. If the engine appears to be over- 
primed, it should be turned backwards a revolution or two with the 
ignition switch Off and the throttle Open. 

In extremely cold weather, it will be necessary to heat the oil before 
attempting to start the engine. 

Ground Test.-—As soon as the engine starts, watch the oil gage for 
pressure. If this does not rise to 15 pounds within 1 minute, stop the 
engine and investigate the trouble. 

After the oil gage indicates pressure, run the engine at 600 to 800 
r.p.m., holding that speed until the temperature of the oil reaches 
85° F. Slowly increase the speed to full throttle. Observe the tachom- 
eter and oil-gage readings to see that they are normal. Check the 
functioning of the engine when operating on one magneto at a time. 
The r.p.m. on one magneto should not drop more than 75 below the 
reading when operating on both magnetos. 

Do not prolong full throttle running on the ground as the engine 
receives very oor cooling when not in flight. 
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Daily inspection is practically the same as for the J-5. Some of the 
suggestions for the 20-hour inspection are however slightly different 
and are given below: 


See that the propeller hub nut is tight. 

Check the spark plugs for cleanness and proper gap (A.C. 0.025 inch, 
B.G. 0.015 inch). : 

Examine the cylinder hold-down nuts for tightness and see that each is 
properly locked in place. 

See that the capscrews on the intake pipe flanges are tight. 

Check the mounting bolts for tightness. 

Remove the rocker-box covers and check the valve-operating parts for 
wear. The engine should always be cold when checking the. valve-tappet 
clearance. 

See that the fuel and oil strainers are clean. 

Drain the oil and replace with a fresh supply. 

Examine the carburetor and hot spot (or air heater) flanges for tightness. 

Grease the upper push-rod ball ends with a graphite grease. Under no 
circumstances should this grease be used on the rocker-arm ball bearings. 

See that each magneto gets full advance when operated from the cockpit. 
Check the magneto-breaker points for cleanness and proper gap (0.012 
inch). , 

Put four drops of medium machine oil in the magneto rear holes. Fill 
the magneto front holes. Do not overoil the magnetos as trouble is sure to 
result. 

Remove the air maze, clean it by rinsing in a pail of gasoline, and dip it 
in fresh oil before replacing it on the engine. 

Lubricate those parts of the control mechanism where friction is present. 


General.—If the plane is out of service for an extended period of 
time, the engine should be run at part throttle at least 14 or 4% hour 
twice a week in order to keep the interior parts flushed with oil. This 
will prevent rusting of steel parts from vapor formed by condensation 
within the crankcase. 

Experience to date indicates that the rocker arms should be lightly 
greased about every 50 hours, using a grease free from graphite or soap. 

The length of time between overhauls depends entirely upon the 
severity of the service to which the engine is subjected. Under normal 
conditions of operation and service the engine will operate satisfactorily 
for 200 to 300 hours before a complete dismantling and overhauling is 


. 
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required. Where the service is severe and the conditions abnormal, 
the overhauls may be more frequent. 


WHIRLWIND J-5 ENGINES 


The thousands of J-5 engines in service make it necessary to repeat 
the information in the last edition, together with some new suggestions 
regarding the proper servicing of these engines. Front and back views 


Fic. 3.—Front side of Wright Whirlwind J-5 engine. 


are shown in Figs. 3 and 4. This information was prepared in coopera- 
tion with the builders. It is intended, primarily, for the use of those in 
charge of a number of engines, but it covers the whole field. The air- 
plane designer will find information that is helpful in providing the best 
installation, the pilot for handling the engine, and the hangar man will 
find hints on its daily care. Perhaps the greatest attention has been 
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given to the notes on disassembly and inspection. The methods fol- 
lowed were decided after careful consideration of factory procedure and 
conditions in the field. Particular emphasis is given to instructions on 
some points which may appear to the reader to be of small importance. 
Great care has been taken, however, not to stress anything unduly. 


Fig. 4.—Rear of Wright Whirlwind J-5 engine. 


When small matters have been made very prominent, it is because 
experience has dictated that these points must be given especial care. 
It has been assumed that the mechanic who does the work will be fully 
acquainted with the grade of workmanship necessary for aviation- 


engine repair; hence, there is no reference to elementary points of 
craftsmanship. 
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GENERAL SPECIFICATIONS FoR J-4A, J-4B, anp J-5 ENGINES 


Average horsepower at normal r.p.m. . 


“TOs alia Sno ai Riot a eer er 


1 
mene reese Nemyreah tarts. fuk fo ites 
f Stroke: inches. . ; 
. Piston Aishlacetacnt, Rive poner. 

ae COMipressiOmitallOsmeen rte. 
. Normal speed inr.p.m. ........ 

. Guaranteed brake horsepower, sea 


SIO OP WW 


12. 


13. 


14. 


15. 


Number of cylinders ~.:........ 


level at normal r.p.m. with avia- 
TONE PASOlIN CG memes arrests = 


. Direction of rotation of crankshaft 


(looking at propeller end of engine) 


. Direction of rotation of cam (look- 


ing at propeller end of engine).... 


. Tachometer shaft speed. . 
ine 


Direction of rotation OD 
shaft (looking into open end of 
hachometenanlye) meee each es. 
Average weight of engine complete 
with propeller hub, flange, and 
bolts, carbureter, and two mag- 
netos, without oil radiators, 
tanks, starting device, gasoline sys- 
tem, propeller, fuel pump, or 
generator, pounds......-...-..-- 
Average weight of engine complete 
with carbureter, two running mag- 
netos, spark plugs, high-tension 
wiring, and synchronizer drives, 
without oil, exhaust pipes, exhaust 
flanges, starting device, fuel pump, 
propeller hub, flange, and bolts 
(propeller- babe assembly 13 pounds 
additional weight), pounds....... 
Diameter mounting-bolt circle, 

inches es ee 
Number Beeiountine “Wika bes eee 


J-4A and J-4B 


212 J-4A 
220 J-4B 


Air cooled 


200 
Counter- 
clockwise 


Clockwise 
Half crankshaft 


Counter- 
clockwise 


478 


GoOO UCC OW OS 


194 
8 total 


J-5 
220 


Air cooled 


200 
Counter- 
clockwise 


Clockwise 
Half crankshaft 


Counter- 
clockwise 


500 


19% 
8 total 
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GENERAL SPECIFICATIONS FoR J-4A, J-4B, anp J-5 ENa1NEs.— (Continued) 


16. 
Pf 


18. 
19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 
29. 


30. 


Size of mounting bolts, inches..... 
Overall dimensions: 
Overall length of engine Aero- 
marine starter........-...+++. 
Eclipse starter, inches.......... 
Overall diameter outside of rocker 
ATMS MAN CHES an eter 
Ignition 
Magneto type.......... Pee ie arc 
Direction of rotation of magnetos 
(looking at drive coupling end)... 
Magnetorspeed ana seeetn ec cirite ttre 


Magneto breaker-point gap: 
Splitdonisamagnetomaaes seen 
Scintilla magneto, inches....... 

Spark-plug point gap, inches...... 


Spark occurs crankshaft degrees be- 
fore top dead center........... 
Valves and Timing 
(With hot or running tappet 
clearance) 
Imbakexeloses'st. an s.ssctorrercroner se wee 
Intakeo pense .-cee veneer e 
EEXatistiOpens secrete tetris 
xhalisticl OSES ae e Ree ere antes 
Exhaust remains open, crank- 
shaft degrees. . : 
Intake remains open ‘erankatntt 
degrees. . : 
Valve lift, inches 
Valve-tappet 
valves) 
Hot or running clearance, inches 
Cold clearance, inches 
Fuel System 
Carbureter typecast 


clearance (both 


J-4A and J-4B 
3% 


39% 
3936 


4334 


Seintilla 
Both counter- 
clockwise 
11¢ times 
schpate 


0.020-0 .024 in. 


0.012 
(A. C.) 
0.020-0.025 


30° 


0.060 
0.010 
Stromberg 
NA-U5G ™ 


J-5 
% 


40540 
45 


Scintilla 
Both counter- 
clockwise 
11 times 
crankshaft 


0.012 


(B. G.) 0.015 


30° 


0.060 
0.040 
Stromberg 

NA-T4 
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' GENERAL SPECIFICATIONS FoR J-4A, J-4B, anp J-5 Encines.— (Continued) 


31. 


32. 


33. 


34. 


36. 


37. 


38. 


39. 


40. 


41. 


Ignition 

Carbureter settings: 
Venturi (choke), inches........ 
Metering jet.. : Nahe oN 
Accelerating well Siero” Phones 
(QU ey Xe Needh.g Glen rcltes Sn nie nea 
Ghower) errr ice 
Main-jet air bleed......—..!... 
dilewmneterine jetuee a.) e505 4- 
lidlévairsbléedirmeiseciak eects 
Float level below parting line, 


Guaranteed fuel consumption, 
pounds per horsepower hour at 
200 horsepower and normal 
TOPO iaIW Ib a seohocaes ola Case o Gunes CRs 

Correct pressure on fuel supply, 
pounds per square inch......... 

Lubricating System 

Guaranteed oil consumption, 

pounds per horsepower-hour not 


. Correct oil pressure, pounds per 


square inch at normal r.p.m. at 
recommended oil temperature... 
Quantity of oil circulated per min- 
ute at normal pressure and tem- 
perature, pounds per minute.... 
Minimum safe quantity of oil in 
whole system, gallons........-. 
Maximum permissible outlet tem- 
perature of oil under worst con- 
GMOS, ado undo bose gooouN. 
Desired maximum oil outlet tem- 
perature in normal operation’... 
Speed of oil pump........--+-++: 


Direction of rotation of oil pump 
(looking at driven end of shaft).. 


ba 


J-4A and J-4B 


0.025 


60 


27 


TOS deh. 


120° F. 
Crankshaft 
speed 
Counter- 
clockwise 


0.035 


60 


27 


180° F. 


20 gabe 
Crankshaft 
speed 
Counter- 
clockwise 
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Genprav Specirications For J-4A, J-4B, anp J-5 ENGinEs.—(Continued) 
Ignition J-4A and J-4B J-5 


42. Hose connections required between 
engine and lubricating system: 


Inlet { inside diameter, inches. . 34 34 
and 
outlet | number-of pieces....... 2 2 


43. Valve-spring loading (plus or minus 10 per cent): 


Valve closed | Valve open 
® 
Length, | Load, | Length, | Load, 
inches | pounds | inches | pounds 
J-5 
a GST aXe) gore Retin eho Sette cA Atel a ee 1195 8.4 135 13 
Intermediate sares eterno eee 11945 13.3 ™ 340 22.4 
(iter ee Aan SAR ee eee 11945 20.. 1 1349 33 .6 
J-4B: 
ERT CL preset eo gsc aoe te ee 134 Lia 146 24.4 
COU ber uae inca sce sran tan hi eens 134 2252 146 Seo 


1 Inlet temperature of oil will be approximately 10° F. lower. 


Cylinders.—An aluminum-alloy head and barrel with cooling fins 
cast integrally is screwed and shrunk onto a steel cylinder sleeve forged 
with a hold-down flange. Eight studs passing through this flange are 
used to fasten each cylinder unit to the crankcase. The cylinder head 
contains two ports, the axes of which are at right angles to each other. 
To the port facing aft is attached the induction pipe, and to the port 
projecting in the plane of the cylinders is fastened the exhaust stack. 
Bosses within the ports receive the valve guides whch are pressed into 
position. The inlet-valve guides of all models are of bronze, while the 
exhausts are of bronze on the J-4 series and tungsten steel on the J-5. 
Valve seats of bronze are shrunk and expanded within the cylinder 
head. There are two spark plugs per cylinder. In Model J-4A cylinder, 
one bronze spark-plug bushing is screwed and pinned in the crown of the 
cylinder head forward of the inlet and exhaust ports. . Another bushing 
of the same material is located in the rear side of the ‘head with its axis 
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45 degrees to that of the inlet port. In Model J-4B cylinder, the two 
bronze spark-plug bushings are diametrically opposite in the sides of the 
combustion chamber and at an angle of 45 degrees to the crankshaft axis. 

Model J-5 cylinder (Fig. 5) consists of a head with 13 fins cast in 
aluminum alloy screwed and shrunk onto a forged-steel barrel having 
13 machined fins and the hold-down flange. The combustion chamber 


Fic. 5.—Whirlwind J-5 cylinder and parts. 


of this cylinder is approximately hemispherical, with the valves inclined 
to the axis of the cylinder at angles of 35 degrees. The spark plugs are 
located similarly to those of the J-4B but at an angle of 10 degrees to the 
crankshaft axis. There are no bushings, the plug being screwed directly 
into the aluminum cylinder head. 

Crankcase.—The crankcase assembly is built up of five aluminum- 
alloy castings held together by studs and nuts in generous quantity. 
The front section and nose plate include the thrust-bearing housing, 
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brackets for the magnetos, and the magneto and cam-driving gears. 
The intermediate section contains the cam valve-tappet mechanism 
and the front main crankshaft-bearing housing. The main section is 
provided with the cylinder pads and contains the rear main crankshaft 
bearing housing and the induction passages. The rear section contains 
drives for the fuel pump, oil pump, gun synchronizers, and tachometers. 
It also provides a mounting for the engine starter and a housing for the 
main oil strainer. : 
Crankshaft.—The crankshaft is of the single-throw, counter-balanced 
type machined from a chrome-nickel-steel forging and finished all over. 
It is hollow throughout its length and is used to distribute oil to all 


Fic. 6.—Wright Whirlwind crankshaft. 


parts of the engine. The counter-weights are bolted to extensions of 
the crank cheeks. The shaft has four bearings—the ball thrust bearing, 
the two main roller bearings, and a plain bearing in the rear section 
where the oil is admitted. Figure 6 shows the shaft and those parts 
which are assembled with it in the engine. Starting from the rear end, 
these are the starter dog, accessories drive gear, retaining nut, oil slinger, 
rear bearing, front roller bearing, oil slinger (not visible), spacing ring 
(not visible), cam, cam-drive gear, spacer, oil slinger, thrust bearing, 
oil slinger, thrust-bearing nut, propeller-hub key, and propeller-hub 
inner nut. 

Valve-operating Mechanism.—The cam is located in the intermediate 
section and consists of a hardened steel ring with eight lobes on the out- 
side and an internal gear cut on the inside. This is riveted to an 
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aluminum hub riding on a steel sleeve on the crankshaft. The cam is 
rotated at one-eighth crankshaft speed in the opposite direction by a 
pinion on the cam and magneto drive shaft. 

The camfollowers are of the conventional roller type and operate in 
cast-iron (J-4 series) or forged-steel bushings (J-5), which are a push 
fit in the intermediate section casting. The upper ends of the followers 
contain hardened steel sockets into which the lower push-rod balls fit, 
and in the lower ends are rollers which ride on the cam. Models J-4A 
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and J-4B push rods are equipped with a tappet-clearance adjustment 
on the upper end, while those of Model J-5 are plain pieces of specially 
heat-treated nickel-steel tubing with balls pressed into either end. 
The J-5 upper balls fit into hardened steel cups which are a loose fit 
inside the tappet-clearance adjusting screws. The J-4A and J-4B 
rocker arms are carried in forked supports of forged steel. The J-5 
valve gear is semi-enclosed, the rocker-arm housing also forming the 
support for the rocker-arm pin. Tubular steel push-rod housings are 
fastened at one end to the intermediate section and to the rocker-arm 


housing at the other. Pressed aluminum covers are used on the rocker- 
arm housings (see Figs. 7 and 8). 
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Connecting Rods.—The connecting rods consist of one master rod 
and eight link rods machined from chrome-nickel-steel forgings. The 
master rod is provided with a steel-backed, babbitt-lined bearing, 
while the knuckle- and wristpin bushings of the link rods are of bronze. 
Figure 9 shows the relationship between the parts. 


Fic. 9.—Master connecting rod and link rods. 


Pistons.—The pistons are of the conventional type cast in aluminum 
alloy. The inside of the head is heavily ribbed to obtain increased 
strength and to improve the cooling. There are two compression rings 
and one oil-scraper ring above the pin and‘ one compression ring at the 
bottom of the skirt. A groove around the piston just below the scraper 
ring and holes drilled through the wall return the oil to the inside of the 
crankease. The piston skirt is provided with a series of shallow oil 
grooves to improve lubrication. 

Wristpins.—The wristpins are of generous size machined from alloy- 
steel stock and oil hardened. Aluminum-alloy plugs in the ends prevent 
scoring of the cylinder walls. 
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Valves.—On Models J-4A and J-4B the intake valves are of tungsten 
steel and are of the mushroom type. The exhaust valves are of the 
tulip type in Silchrome steel. 

Model J-5 intake and exhaust valves are both of the tulip type and 
are of low-tungsten and cobalt-chrome (or high-tungsten) steels, respec- 
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Fic. 10.—Wiring diagram J-4B and J-5. 


tively. The exhaust valves on Model J-5 are salt filled and sealed at 
the top with hardened plugs. 

Valve Seats.—The valve seats are annular rings of aluminum bronze 
of rectangular cross-section. They are first shrunk into the cylinder 


head, and then the small shoulder provided at the top is Yolled over into 
an annular recess in the valve port. 
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Valve Springs.—The valve springs on Models J-4A and J-4B consist 
of two concentric, helical coils of round steel wire per valve. Model 
J-5 has three springs per valve. 

Ignition.—Ignition is furnished by two Scintilla AG-9D magnetos 
mounted on the front section of the crankcase. The right-hand magneto 
fires the front spark plugs (top plugs J-4A), and the left-hand magneto 
fires the rear spark plugs. The wiring is of the heavily insulated high- 
tension type and is largely enclosed in metal manifolds. Figure 10 
shows wiring diagram. 

Fuel Pump.—The Wright fuel pump is of the Viking internal-gear 
type. This consists of an engine-driven internal-gear meshing with a 
gear which rides on a pin fixed in the pump cover. A crescent-shaped 
boss on the cover. fills the space between the two gears opposite the 
point of contact. Fuel is taken in at the connection on the side near 
the pressure relief valve, carried around in the gear 270 degrees and 
discharged through the connection near the bypass relief valve. The 
pressure relief valve, which is covered by a domed-cap, can be adjusted 
to give any desired pressure in the discharge line. It consists of a 
plunger valve, a spring, an adjusting screw, and a locknut. The excess 
fuel coming through this valve comes out of the connection between the 
bypass relief valve and the mounting flange. (This connection can 
also be made at the opposite end of the same passage.) A bypass 
valve between the inlet and outlet passages enables the operator to 
pump fuel to the carbureter with the hand pump without forcing it 
through the gears. It is covered by a flat brass cap. 

Carbureter.—The Stromberg NA-U5G carbureter is used on Models 
J-4A and J-4B. It is of the double-barreled type and equipped with 
a mechanical economizer. The NA-T4 three-barreled carbureter is 
used on the J-5. 

Induction System.—The carbureter is fastened to an oil-jacketed 
manifold at the bottom of the crankcase main section. In the case of 
the double-barreled carbureter, this manifold splits the two streams of 
vaporized fuel into three, and for the three-barreled carbureter, it 
provides three unbroken passages. 

The rear of the crankcase main section contains three annular rings 
each of which supplies fuel to three cylinders through steel intake pipes. 
The fuel is fed into the three rings through the branches of the manifold 
described abéve. As observed from the rear of the engine, the left-hand 
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passage supplies cylinders 2, 5, and 8, the middle passage supplies 
cylinders 1, 4, and 7, and the right-hand passage supplies cylinders BD 
and 9. 

Lubrication System.—The lubrication system is of the full-pressure 
type except for the cylinder walls, wristpins, and accessories drive gears, 
which are lubricated by splash. Oil is carried in an external tank, not 
furnished with the engine. The oil is drawn from the bottom of the 
tank by the pressure pump and delivered to the annular groove around 
the rear (plain) crankshaft®bearing, at which point it enters the crank- 
shaft. The crankshaft is drilled to supply oil to the connecting-rod 
crank-pin bearing, to the cam bearing, and to passages near the front 
end of the crankcase which lead to the magneto-drive bearings. Holes 
through the connecting-rod bearing shell convey the oil into passages 
which carry it into the knuckle pins and thence to the knuckle-pin 
bearings. The various gears, shafts, and bearings in the crankease, rear 
section, are lubricated by oil which sprays from the rear crankshaft 
bearing. Passages in the front section lead oil to the cam-drive shaft and 
magneto shaft bearings, the spray from these and the cam bearing being 
utilized to lubricate the gears and valve tappets. Cylinders, pistons, 
and piston pins are lubricated by spray from the crankpin bearing. 
Rocker-arm pins are provided with Alemite grease-gun connections. 

Accessories.—The crankcase rear section is fastened to the rear wall 
of the crankcase main section by five studs and two bolts. It contains 
the oil pump, oil strainers, oil-pressure relief valve, fuel pump, gun 
synchronizers, and the starter mounting pad. Figure 11 shows the 
rear section completely disassembled, with the parts arranged to show 
their relationship to the assembly. 

Hand Starter.—The crankcase rear section is provided with a stand- 
ard army and navy starter pad. The Wright hand starter is of the 
worm type, with a gear ratio of 6:1. (It is also supplied with a 15:1 
ratio for larger engines.) Running through the starter is a splined 
shaft, one end of which fits into the engine crankshaft. The other end 
holds a spring-loaded clutch and a bronze housing carrying on one end 
the starter worm gear, which engages with a worm on the hand crank- 
shaft. The starting magneto, which is an integral part of the device, 
is also driven by the starting crank through gears. ‘ 

In starting, the worm is brought into contact with the worm wheel 
by pushing on the small rod beside the starting hand crank. Turning 
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the crank then brings the worm into full engagement, and further 
turning rotates the engine crankshaft. When the engine starts, the 
worm is thrown out of engagement and slides along the cranking shaft 
to an inoperative position. The disengagement of the worm does not 
throw the starting magneto out of gear, so it can be kept in operation 
by turning on the hand crank until the engine has picked up enough 
speed to fire regularly on the running magnetos. The starting magneto 
is designed to operate in connection with a “trailing brush” on the 
running magneto which gives a greatly retarded spark, reducing the 
possibility of a kick back to a minimum. Should this occur, however, 
the engine and starter are protected against damage by the clutch, 
which is designed to slip in such an emergency. An external ratchet 
on the cranking shaft positively prevents the crank from turning 
backward. 

All parts are thoroughly lubricated by pressure feed from the engine 
oiling system. 

INSTALLATION IN THE AIRPLANE 
Unpacking and Cleaning.—Wright Whirlwind engines are shipped 


from the factory in a sealed packing box with the following outside 
dimensions: 


ie PSUS Oe slo AP yy aos Gan ne Re ne Weert Car Rc ac 4634 inches 
\WHARGH DY. <.-cSiclc. se ncte aOR Mane TORR ooNerer eestor en Cia 5214 inches 
Nene thy gee ens ero mclcsieaara cies: Cher 54 inches 
Displacenmentam wen teen cne ris ciscratemr eran 7616 cubic feet 


BAVA Geren nee On rea oS ser sto nls waAbe Miran co neeguuorene 970 pounds 
Ties See th ee OoPe, OR Oe nes EOE ene een rcae att 1,010 pounds 


The following procedure should be adhered to in unpacking and 
cleaning a Wright Whirlwind engine: 


1. Break the seals found under the metal protecting plates at the bot- 


tom of the box. 

2. Remove the nuts on the four bolts found directly under the handles 
and lift the cover by the handles. 

3. Remove the oil cloth from the engine. 

4. Remove the spark plugs or dummy plugs and turn the engine over 


ten or twelve titnes to expel oil. 
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5. Replace the spark plugs. If they were in place in the engine when 
received, wash them in gasoline before replacing. 

6. Remove the four lag screws securing the mounting plate to the bed - 
timbers. 

7. Lift the engine by passing a rope or cable under the front flange 
between the bolts of the propeller hub. If a hub is not supplied, it will 
be necessary to proceed.in accordance with item 3, following. 

8. Remove the mounting plate. 

9. Remove the breather, caps and screw in the lifting eyes. Lifting 
eyes are not furnished with the engine but may be purchased from the 
Wright Aeronautical Corporation. 

10. Lower the engine on to a tilting stand and bolt in place securely. 

11. Tilt stand until the crankshaft is horizontal. 

12. Clean the engine with a gasoline spray. 

13. Pass a cable through the lifting eyes and hoist the engine, remoy- 
ing it from the tilting stand. 


If a tilting stand is not available, proceed as follows: 


1. Perform operations 1\to 5 inclusive. 

2. Tilt the base of the shipping box to an approximately vertical posi- 
tion and place a support under the propeller hub. 

3. Using a piece of rope, make a loop around the base of cylinder 3 
inside the push rods, pass both ends up over the hook of a suitable hoist 
and down around the base of cylinder 8. Another loop should be put 
around the hook and the propeller hub or crankshaft end, to provide proper 
balancing. Be sure that these ropes clear the rocker arms, spark plugs, 
and push rods. 


4, Lift from the floor and remove the base of the engine box. 


Installation in Airplane.—After the engine has been unpacked and 
cleaned, it will be ready for installation in the airplane. All burrs 
and sharp corners should be removed from the engine mount and the 
mounting flange. Care should be taken to see that the engine mount 
is flat and fits the mounting flange all around. Hoist the engine by the 
lifting eyes and carefully work the rear end through the mounting ring. 
Bolt to the mount securely with eight 3g-inch diameter 8.A.E. alloy- 
steel bolts and lock by some suitable means. 

Lubrication System.—The suction pipe from the oil-jacketed car- 
bureter manifold to the suction side of the scavenging pump should be 
installed. It is of the utmost importance to see that this pipe is free 
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from air leaks at the flanges. The flanges should be examined to see 
that they are square and free from dirt and that the gaskets are in good 
condition before bolting in place. This 1s very important, as the engine 
will not function with air leaks in this line. 

The oil tank should, if possible, be located so that the oil level is 
above the oil pump. This will eliminate trouble with priming. The 
lines from the tank to the engine should be short, with as few bends as 
possible. Copper pipe of 34-inch diameter, heated and quenched after 
bending and well braced throughout its length to eliminate vibration, 
is recommended. The oil inlet and outlet connections on the engine 
will be found on the left-hand side of the rear section behind the mount- 
ing flange. These are fitted with nipples of the proper size, beaded 
for hose clamps. 

The vent from the oil tank may be piped back into the engine crank- 
case with a 14-inch diameter pipe. A hole with a 3¢-inch pipe thread 
is provided on the left side of the rear section of the J-5 for this line. 
This prevents the spilling of oil from the oil tank during stunt maneuvers. 
The oil-pressure relief valve and oil strainer will also be found on the 
rear section and should be cleaned and adjusted as described later. 

The oil-pressure line should be 14-inch copper tubing connecting 
the pressure outlet, found at the rear and bottom of the rear section, 
with the pressure gage on the instrument board. This tubing should be 
heated and quenched after bending and braced at frequent intervals to 
eliminate vibration. Brass fittings should be used on the ends of this 
line. 

Ordinarily, it will not be necessary to install an oil cooler on Whirl- 
wind engines, as the heat given to the oil is very small and is easily 
dissipated from the oil line and oil tank. Under certain extreme con- 
ditions, a cooler may be necessary, in which case, it should be inserted 
in the discharge line of the engine. 

Cowling.—Where cowling is provided, it is. desirable that some 
provision be made to regulate the cooling obtained by the engine. 
In cold weather, it is essential that the crankcase, carbureters; and the 
lower halves of the cylinder barrels be enclosed to lessen the dangers of 
cold oil. It is also advisable to lag all the external oil lines with some 
insulating material, especially the drain from the intermediate section 
to the sump. For operation in warm weather, provision should be 
made for a sufficiently increased flow of air over the crankcase and 
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cylinder barrels to insure adequate cooling of the engine. The lagging 
should be removed from the oil lines. 

Fuel System.—Whirlwind engines are supplied with or without a 
fuel pump, at the option of the customer. If no fuel pump is supplied, 
the carbureter should be connected by a 3¢-inch line of copper tubing, 
heated and quenched after bending, to a gravity tank having at least 
a 20-inch head. If thé fuel pump is supplied, the discharge from the 
pump is connected by 3gzinch copper tubing to the carbureter, the 
pressure relief is returned to the supply tank, and the intake line is 
taken from the bottom of the supply tank. The fuel lines should be as 
simple as possible and free from vertical bends in which air pockets 
can form. The lift from the tank to the pump should not be more 
than 3 feet. It will be necessary to prime the engine fuel pump with a 
suitable hand pump. The engine fuel pump is fitted with a bypass 
valve which allows the fuel from the priming pump to flow around the 
pump gear into the discharge line to the carbureter, thus eliminating 
the necessity for a complicated valve system. To adjust the pressure 
in the carbureter feed line; remove the domed cap from the relief valve, 
loosen the locknut, and screw in or out on the adjusting screw to raise 
or lower the pressure. 

Magneto Wiring.—The top connections “‘P”’ of the magnetos should 
be connected to the points on the grounding switch marked ‘‘R Mag” 
and “lL Mag” with insulated ignition wire. The point marked ‘“Grd”’ 
on the switch should be connected to the engine crankcase. These 
wires should all be clipped at suitable points to prevent them from 
chafing or burning on the engine. This is most important, as the proper 
functioning of the engine depends on the contacts made through these 
wires. If an inertia or electric starter is used, a booster magneto is 
not essential but may be of considerable aid in cold weather. The 
booster magneto can be mounted in the cockpit, in which case, the 
high-tension lead will be connected to the terminal ““H” on the top of 
either magneto. The ground wire from the booster magneto should be 
connected to the terminal marked “Start”? on the switch. If the 
booster is used from the ground, the high-tension lead should be inserted 
in the terminal marked ““H”’ on one of the running magnetos, and the 
body of the booster magneto should be grounded on the engine. In 


this case, the connection can be pulled out as soon as the engine starts 
and the magneto kept on the ground. 
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Spark Advance Lever.—The spark-control levers on the magnetos 
are connected by rods, ball joints, and levers to a cross-shaft running 
through the rear part of the crankcase. The left end of this shaft is 
provided with a lever to which the control rod is to be attached. The 
movement of this lever is 72 degrees, the radius is 174g inches, and the 
hole in the end is drilled for a 34-inch pin. 

Carbureter J-4B.—The carbureter is adjusted at the factory to give 
the proper fuel consumption when mounted on the engine facing the 
rear with no air scoop. If an air scoop is added or the carbureter is 
faced forward, the fuel characteristics of the engine will be changed and a 
further adjustment may be necessary. It is therefore recommended 
that the carbureter installation be left as received. In case a change is 
necessary, the service department of the company should be consulted. 

The controls on the J-4B engine are on opposite sides of the carbureter 
—the throttle on the right and the mixture-control lever on the left. 
The throttle lever can be adjusted to any position by removing the 
cotter pin and nut on the end of the throttle shaft and moving the lever 
on the serrations to the desired angle, then replacing the nut and cotter 
pin. Do not draw up this nut too tightly, as it will shear the shoulder 
on the throttle shaft and cause it to bind. The throttle lever cannot 
be moved from one side of the carbureter to the other. It has a 
radius of 17¢ inches and a travel of 70 degrees between full open and 
full closed. Both throttle and mixture levers are drilled to 0.218 
inch the throttle lever being 14 inch thick and the mixture lever 3» 
inch thick. Clockwise rotation of the lever opens the throttle, and 
counter-clockwise closes it. The mixture control swings through an 
angle of 90 degrees on a 114-inch radius. Clockwise rotation of the 
lever is full rich and counter-clockwise full lean. The mixture control 
operates from 45 degrees below horizontal to 45 degrees above horizontal. 
This movement can be changed only by fitting a special lever. In 
fitting a special lever, care should be taken to see that the mixture- 
control valve is not shifted from its proper position. 

The fuel-pressure line connection should be made at the drain hole 
in the wall of the carbureter strainer chamber. When received, this 
hole will be stopped with a plug stamped “Drain.” 

Carbureter J-5.—The float chamber of the J-5 carbureter is so 
arranged thaf the gasoline will approximate normal head when the 
ship is thrown from the catapult or goes through stunt maneuvers. 
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It is therefore inadvisable to turn the carbureter arotind, as this will 
upset these conditions. The throttle and mixture-control levers of the 
NA-T4 carbureter are both on the right-hand side, and neither can be 
shifted to the other side. The throttle lever, as on the NA-U5G car- 
bureter, can be adjusted to any desired angular position and has a 
movement of 70 degrees between full open and full closed. The mixture 
control lever is in the full-rich position at 34 degrees aft of the vertical 
and full-lean at 21 degrees forward of the vertical. The radius of 
both levers is 12g inches and both are drilled for a 3{,-inch pin. The 
throttle lever is 0.248 inch thick and the mixture-control lever is 0.186 
inch thick. 

The fuel-pressure gage-line connection should be made at the drain 
hole in the wall of the carbureter strainer chamber. When received, 
this hole will be stopped with a plug stamped ‘ Drain.” 

Tachometer Drive Connection.—The two tachometer drive connec- 
tions will be found on top of the oil pump on the left-hand side of the 
rear section. These are of the United States Air Corps standard form 
with a %-inch, 18 thread. They rotate at one-half crankshaft speed 
in a counter-clockwise direction, as viewed from the open end. 

Starter.—Several types of starters are supplied on J-4B and J-5 
engines, as desired by the customer. On all starters, a hand crank is 
required, which fits over a shaft and drives through a pin. In most 
cases, the hand crank is supplied with the starter, but it may be neces- 
sary to change its length to suit various installations. An outside 
bearing in line with the starter shaft will be necessary. This bearing 
should be rigid and have sufficient clearance to allow for a slight mis- 
alignment of the hand crank and starter shaft. With the inertia 
starters, a push-pull control is necessary to operate the engaging dog. 
This control can be lead to the pilot’s seat or brought out near the crank. 
In order to disengage the clutch, it is necessary to push the control if 
the engine fails to start. A rod mechanism is therefore essential. The 
same installation is required with the worm type of starter. If, for any 
reason, the starter dog is removed and not replaced, dummy parts will 
be required in the crankshaft to seal it against engine oil pressure. 

Mounting the Propeller.—The propeller should be designed to allow 
the engine to turn approximately rated speed at full throttle when 
the ship is in level flight. Other speeds are undesirable, as low speed 
holds down the power of the engine, causes excessive torque vibration, 
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and increases the tendency to detonate, while high speed subjects the 
engine to strains which will shorten its life. 

The propeller should be installed on the hub with the dowel in the 
line of the blades. -In this position, the propeller blade marks top and 
bottom center cylinder 1. With the hub placed on an arbor, the pro- 
peller should be set on parallels to check the balance. The propeller 
should also be checked for track, 7.e., the following of one blade in the 
plane of the others. This can be done most easily in the ship by 
establishing a point on the plane close to the propeller tip and checking 
the distance to each blade as it passes this point. No propeller which 
is out of track or balance should be used. 

When mounting the propeller, the taper and threads on the crank- 
shaft should first be cleaned with gasoline and blown off with an air hose, 
if one is available. The same treatraent should be given the bore of the 
propeller hub and the crankshaft nuts. The crankshaft should then 
be coated with engine oil or graphited 600W, and the propeller hub 
pushed on. The inner nut should be screwed onto the crankshaft 
until it is home. It is advisable to hit the propeller hub wrench three 
or four times with a lead hammer to be sure that this nut is tight. 
The outer nut should then be screwed into the hub, and the same pro- 
cedure followed. Be sure that these nuts are clean and well oiled 
before installing. A hole in the inner nut must register with a similar 
hole in the outer nut to take a cotter pin for locking. There are 
12 holes in the inner nut and 2 holes spaced 45 degrees apart in the 
outer nut; so it is a fairly easy matter to bring the nuts together for a 
cotter pin. 

Turn the engine over a few times by hand to make sure that the pro- 
peller has ample clearance at all points. 


INSTRUCTIONS FOR STARTING AND NORMAL OPERATION 


Before starting the engine for the first time, the following procedure 
should be observed: 

1. Check over all nuts and bolts both on the engine and the mount 
and see that they are tight and properly locked. 

2. Check the propeller-hub nuts to be sure that they are tight and 


cottered. 
3. Lubricate the valve gear with Alemite gun, using 600W oil. 
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4, Fill the oil tank with an ample quantity of oil for the run (minimum 
quantity 2 gallons) and see that all lines are open. 

5. Fill the gasoline tank with the proper grade of gasoline. 

6. Operate the throttle and mixture controls and inspect the levers 
on the carbureter to make sure that they hit the stop on both ends of 
the travel without restriction. 

7. Operate the spark:advance control and inspect for full operation 
of the lever. : 

8. See that the tachometer and pressure gage are properly connected 
and that the oil-temperature thermometer bulb is in place. 

9. Turn the engine over by hand to see that everything is clear. 

10. See that the priming line and pump are properly connected and 
in working order. 

11. Open the cocks in the gas line and operate the hand pump if 
supplied. See that gasoline is supplied to the carbureter and that all 
lines are tight. See that the carbureter does not drip gas. 

12. See that ground wires are connected to the magnetos. 

Starting.—Having completed the prestarting inspection, the engine 
is ready to start and should be handled as follows: 

1. It is advisable before starting an engine to turn the engine over 
two complete revolutions, with the ignition switch off. This procedure 
is for the purpose of making certain that none of the cylinders have 
filled up with gasoline, due to a leaky primer line. 

Whenever the primer is not in use, the shut-off on the priming line 
should be closed. 

2. Give the engine several strokes of the priming pump. Experience 
is necessary to determine the proper amount of prime for each engine. 
About five or six strokes of the pump are usually necessary. Excessive 
priming has a tendency to wash the oil off the cylinder walls and cause 
scoring or seizing of the sleeves and ‘pistons. 

In cold weather, the engine requires more priming than in warm 
weather. 

A hot engine does not ordinarily require priming. 

3. Turn the engine over a number of times with the throttle closed 
to suck the gas into the cylinders. : 

4. Set the throttle to approximately one-eighth open and the mix- 


ture to full rich. Easier starting will be obtained with Spark control at 
approximately full advance. 
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5. Operate the starter and allow the engine to turn over af ull revolu- 
tion. Then turn the ignition switch to the start position and operate 
the booster, if one is being used. 

6. If the engine fails to start after several attempts, prime again and 
repeat. If the engine is overprimed, the throttle should be opened 
wide and the engine turned backward several revolutions by hand. 
Be sure that the ignition switch is off. 

7. In extreme cold weather, the oil should be heated before filling the 
oil tank. 

If the engine fails to start after a reasonable number of attempts, 
consult the notes on troubles to ascertain possible cause. 

Ground Test.— When the engine starts, the spark should be advanced, 
the throttle pulled back to 600 or 800 r.p.m., and the gage watched for 
oil pressure. If the oil pressure fails to rise within 1 minute, the engine 
should be shut down and an investigation made (see p. 167). After 
the gage indicates the oil pressure, the engine should be run at 600 to 
800 r.p.m. for 2 minutes or more and the throttle then opened to 1,000 
r.p.m., where it should be held until the oil-outlet temperature starts 
to rise. ‘The speed may then be increased slowly to full throttle. The 
mixture control should be leaned out until the engine is turning its 
maximum r.p.m. This may occur in the full-rich position. Observe 
the r.p.m., oil pressure, and oil temperature. With the mixture control 
set for maximum r.p.m., check the functioning of the engine when 
running on one magneto at a time. If the values observed are normal 
and the speed does not drop more than 75 r.p.m. on each magneto, the 
engine is ready to fly. It should be remembered that it receives very 
poor cooling while on the ground, and prolonged running at full throttle 
should be avoided. 

Flight.—The instruments should be noted at frequent intervals to 
see that the power plant is functioning properly. The engine should 
be operated to keep within the following limits: 


Oil pressure 50 to 75 pounds per square inch 
Outlet oil temperature not over 180° F. (82° C.) 
Fuel pressure 2 to 4 pounds per square inch. 


If the oil pressure falls below 35 pounds, an immediate landing 
should be made and the cause of the trouble located and removed 
(see Troubles/‘p. 167). It is not so serious when the oil pressure exceeds 


166 THE AIRCRAFT HANDBOOK 


the high limit, but it should be corrected at the end of the flight. This 
can generally be done by adjusting the relief valve. 

High oil temperature, when not caused by atmospheric conditions, 
may be a sign of trouble in the engine. If the outlet oil temperature 
rises above 180° F., a landing should be made as soon as possible and 
the cause of the rise in temperature determined and corrected (see p. 168). 

Landing.— Because of the faster heating and cooling rate of air-cooled 
engines, a hot engine shéuld never be shut down rapidly, except in 
emergencies, as this is almost sure to warp the valves. After a plane 
has landed and taxied to the line, the spark should be retarded, the 
throttle slowly closed to 600-700 r.p.m., and the gasoline supply shut 
off. The engine should be allowed to run this way until the fuel supply 
fails. If this is done regularly, the time between overhauls will be 
greatly increased. 


ENGINE TROUBLES 


Determining the cause of engine trouble is, at times, rather involved, 
on account of the number of sources to which a given symptom may be 
attributed. The best method of trouble shooting is first to decide 
on the possible causes and then to eliminate them one by one, starting 
with the most likely. 

This table of the commonest troubles and their causes is submitted 
to the service men with the object of reducing wasted time and increasing 
the reliability of the Whirlwind engine. 

If the engine fails to start, it may be due to any one of the following 
causes: 


1, Lack of Fuel—Examine the fuel supply, shut-off cocks, traps, 
strainers, and hose connections. 

2. Underpriming or Overpriming.—See instructions on starting. 

3. Booster Magneto Defective-—Examine and test the starting magneto. 

4, Throttle Opening Incorrect.—The throttle should be approximately 
one-eighth open while starting. 

5. Defective Ignition Wire-—Examine the ignition wiring for wear, 
breaks, and incorrect connections. 

6. Dirty Spark Plugs——Check the spark plugs for proper functioning. 
Clean and set gaps (B. G., 0.015 inch; A. C., 0.020 to 0.025 inch). 

7. Incorrect Valve-tappet Clearance.—Check the valve-tappet clearance. 

8. Incorrect Timing.—Check the valve and ignition timing. 
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9. Water in Carbureter—Remove a plug from the bottom of the car- 
bureter and drain out the gas and waiter. 

10. Cold Oil.—With the ignition switches off, turn the engine over by 
hand. If it is very stiff, it will be necessary to heat the oil before starting. 

11. Magneto Breaker Points.—See that the magneto breaker points are 
clean and have the proper gap (0.012 inch). Test the spark delivered 
by the magneto. 

12. Miscellaneous.—Examine the engine carefully for unusual condi- 
tions, turning over slowly by hand. 


Low oil pressure or none at all may be caused by the following: 


1. Lack of Priming —Disconnect the oil-suction line and fill the pump 
with oil. Turn the engine over by hand until the oil is sucked into the 
pump. Check the oil supply. 

2. Leak in Suction Lines.—Examine the oil-suction lines for air leaks. 

3. Dirt in Oil Screen.—Remove and clean the oil strainer. 

4. Oil Pressure Relief Valve-—Examine the oil pressure relief valve and 
spring for proper seating or breakage. 

5. Gun Synchronizers or Starter Dog Removed.—The gun synchronizers 
are on the main oil line and, if removed, should be replaced with dummy 
parts. The same is true of the starter dog. 

6. Crankshaft Plug Out.—Remove a cylinder and examine the crank- 


shaft plugs. 
7. Excessive Bearing Clearance.—A bearing may be worn enough to 
cut down the pressure, in which case an overhaul will be necessary. 


Crankcase filling with oil is usually caused by lack of priming in the 
discharge pump. Disconnect the main discharge line from the engine 
and put on a 2-foot length of garden hose. Feed oil into this hose 
while turning in engine backward until a quart or so has been sucked 
in. Check oil pumps, strainers, and lines for failures or stoppages. 

Engine runs unevenly and does not come up to power. The full 
throttle speed of the engine will vary 75 to 100 r.p.m. under different 
atmospheric conditions. It will also vary considerably with the con- 
dition of the propeller. The engine, therefore, should not be considered 
low on power unless the drop in speed is excessive under similar 
conditions. | 

Low power and uneven running may be traced to any of the following 

¥ 
causes: 
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1. Rich or Lean Mixturex—Make sure that the mixture control lever 
is in the best position. 

2. Leaks in Induction System.—Examine the intake pipes for cracks 
and for leaks at the cylinder and crankcase connections. Examine the 
carbureter and manifold flanges for tightness. Examine the pipe plugs 
in the cylinder inlet ports to see that they are all tight. 

3. Spark Plugs.—See that all the spark plugs are clean and that they 
have the proper clearance. * 

4. Valve and Valve-gear Trouble-—Check the valve-tappet clearance, 
springs, washers, rocker arms, and push rods. Be sure that the push 
rods on J-4 series engines have not been interchanged. The camfollow- 
ers nearer the propeller operate the exhaust valves. See that the valves 
are not sticking. 

5. Poor Fuel.—Make sure that the fuel being used is a good grade of 
domestic aviation gasoline and that it flows freely to the carbureter. 

6. Magneto Breaker Points.—-See that the magneto breaker points are 
clean and have the proper gap (0.012 inch). Check the operation of 
the magnetos. 

7. Engine Overheating—This may be caused by items 1, 2, 3, and 5, 
above. It is easily recognized by the fact that the engine will run at 
normal speed just after idling and will then slowly fall off. Continued 
running of an engine exhibiting this symptom is likely to cause consider- 
able damage, so an investigation of the cause should be started immedi- 
ately. Other causes are improper cowling, excessive air temperature, 
thin oil, and insufficient oil cooling. 


Excessive oil temperature may be caused by the following: 


1. Insufficient oil cooling. 

2. Insufficient oil supply. There should be at least 2 gallons of oil in 
the system. 

3. Low-grade oil. See that the oil being used is up to specification. 

4. Suction pump failing to scavenge oil properly from crankcase. Exam- 
ine all oil lines for leaks. 

5. Overheated bearing. If the trouble is not found after an investi- 
gation of items 1, 2, and 3, a bearing may be overheating, in which case, 
a disassembly will be necessary. ‘ 


Carbureter Leaking.— Because of the fire hazard, the engine should 


not be run if the carbureter leaks gasoline excessively. » This may be 
caused by 
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. Leaky float. 

. Stuck float. 

. Poor seating of needle valve. 
. Wear of float fulerum pin 


PWN eR 


In any case, the carbureter should be removed and checked over. 
If the float has been leaking, the gasoline should be removed, the hole 
soldered, and the float immersed in hot water to test for tightness. 
The needle-valve seat should be removed, the valve lapped in with fine 
compound, and the assembly tested for tightness and float level. 

Cold-weather Cautions——Under unusual weather conditions, it 
may become necessary to adopt some method of heating the air entering 
the carbureter to prevent the formation of ice at the chokes. Wright 
air heaters have been found very satisfactory for this purpose. Due 
to the wide variation in engine-installation requirements, these heaters 
are furnished without pipe connections. 

In extremely cold weather, it will be necessary to preheat the oil 
before starting. A great deal of time can be saved by draining the oil 
from the tanks as soon as operations for the day are concluded and before 
the oil has cooled off. If left in the tank overnight, it may become so 
viscous as to require considerable time to drain off. In cold weather, 
it is also advisable to have some sort of lagging on all the external oil 
lines, especially the drain from the intermediate section to the sump. 
This will result in higher oil temperature at cruising speed and will 
decrease the danger of stoppage due to congealed oil. A layer of 
asbestos cord, shellacked and then wrapped with friction tape provides 
very good insulation. Lacking asbestos, several layers of ordinary 
packing cord can be used. 


INSPECTION ROUTINE 


In order to obtain maximum reliability and service from Whirlwind 
engines, a regular schedule of inspections and overhauls should be 
maintained. Serious failures very often arise from minor causes which 
a few minutes’ inspection could have averted. The following schedule 
is suggested: 

Starting Inspection.—See page 163. 

Daily Inspection.—Every flying day, the following inspection should 
be made: Cheek all the cylinders, one at a time in firing order (1, 3, 5, 
7,9, 2, 4, 6, 8), as follows: 


170 THE AIRCRAFT HANDBOOK 


Models J-4A and J-4B: 


1. Does the clearance between rocker roller and valve stem, on com- 
pression stroke, seem normal? 
2. Are the rockers free on shafts and are the lock wires secure? 
3. Are the rocker rollers free and are the lock wires secure? 
4, Are the valves free in the guides? 
5. Are the valve springs and valve-spring retainers intact? 
6. Are the rocker-support locknuts tight and are the rocker rollers 
central on the valve stems? 
7. Are the spark plugs tight? 
8. Grease the rocker shaft with Alemite gun, using automobile trans- 
mission oil. 
9. Oil the rocker rollers with engine oil. 
10. Are the ignition terminals secure to the wires and plugs, and is 
the insulation on the wires intact? 
11. Is the compression normal? 


After all the cylinders have been checked, proceed as follows: 


12. Are the carbureter and carbureter manifold tight at the securing 
flanges? 

13. Are the fuel tanks filled? 

14. Is the oil tank filled? 

15. Are the magneto ground wires secure? 

16. Are the throttle, mixture, and magneto controls free throughout 
their range? 

17. What is the full-throttle r.p.m.? 

18. Is the engine operation good on either magneto? 

19. What are the oil pressure and temperature? Compare with the 
values given on page 165. 


20. What is the gasoline pressure? (It should be 2 to 4 pounds per 
square inch.) 


Model J-5: 


The daily inspection of Model J-5 engine should include items 7, 8, 
and 10 to 20 inclusive. 

After 20 Hours.— After every 20 hours of flight, the valve gear should 
be disassembled and inspected as follows: ; 


1. Remove the push rods and examine the balls and ball sockets for 
wear. 


~ 
2. Grease the sockets in rockers, 
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3. Thrust the lower ball ends of the push rods into a can of heavy grease 
and replace the rods in their proper sockets. 
4. Make a complete inspection as outlined for each flying day. 


Model J-5: 


1. Remove the rocker-box covers and make a check of the amount of 
motion of the various parts. If the tappet clearance seems normal, it 
should not be disturbed. If any part seems to have too much motion, 
or if the tappet clearance is excessive, the rocker arm and push rod should 
be removed and the cause determined. Check the offending part against 
{he maximum allowable clearance, and replace if this is exceeded or if, in 
the opinion of the operator, it seems advisable. 


After the valve gear has been inspected, repaired, and reassembled, 
the following items should be checked (all J-series models except as 
noted): : 


1. On J-4 series engines, check the clearance between the rocker rollers 
and valve stems with a feeler and rest to 0.010. Be sure that the adjusting 
ball and the locknuts are tight. 

2. Are the spark-plug points clean, and are the gaps set at the proper 
clearance (0.020 to 0.025 inch for A. C. plugs; 0.015 inch for B. G. plugs)? 

3. Are the nuts on the inlet-pipe upper flanges tight? 

4. Are the inlet-pipe packing nuts tight? 

_ Are the cylinder hold-down nuts tight? 

. Are the fuel strainers clean? 

. Are the fuel lines and connections secure and free from leaks? 

_ Is the lock on the gasoline-pump pressure-adjusting screw secure? 
_ Are the oil strainers clean? 

10. Drain the old oil from the tanks and lines and flush with kerosene 
until perfectly clean. (Do not use kerosene inside the engine.) Replace 
the lines and put 2 gallons of clean oil in the tank. Run the engine for 
20 minutes and then drain out all the oil again. Replace the lines and 
fill the tank with clean oil. Great care should be taken to see that all 
the oil lines are replaced properly and that there are no air leaks. Small 
air leaks are apt to interfere seriously with the proper functioning of the 
lubricating system. 

11. Oil tanks should be drained and filled with fresh oil. 

12. See that the hand-turning gear is well lubricated. 

13. Are the engine-mounting bolts tight? 

14. Does each magneto get full advance when operated from the cock- 


pit? j 
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15. Are the magneto breaker points clean and the gaps set at 0.012 
inch? 

16. Are the magneto couplings in good condition? 

17. Put four drops of medium machine oil into the rear magneto oil 
holes. Fill the front holes. 

18. Are the propeller-hub locknuts and the propeller-hub bolts tight? 

19. Check the clearance between the rear of the rocker boxes and the 
cylinder heads and make,sure that it is 0.031 inch (engine cold). While 
this dimension should not vary, it is extremely important and should be 
checked carefully. Incorrect clearance is very apt to result in failure of 
the rocker-box studs. 


It is advisable to run the engine at part throttle for at least ytok 
hour twice a week, in order to keep interior parts flushed with oil. This 
will prevent the vapor due to condensation in the crankcase from rusting 
the steel parts. 

» Complete Overhaul.—It is suggested that the compression, as noted 
in item 2 of the daily inspection, be checked very carefully on each 
cylinder. As soon as one is found to be low, the cylinder should be 
removed, the valves tested for leakage, and the piston rings checked 
for tension. The valves should be ground and the piston rings replaced 
when necessary (see p. 177). In this manner, the engine can be kept 
up to power and speed. It is sometimes very difficult to distinguish 
between a valve which is leaking and one which is being held open by a 
bit of dirt or carbon on the seat. The only way to check this out is to 
run the engine for several minutes and then try the compression again. 

Experience with Whirlwind engines in service has indicated that the 
length of the period between overhauls is limited by the tendency of 
the lubricating system to fill up with sludge. This is composed of gums 
formed in burning the lubricating oil, carbon, lint, and substances 
taken into the engine through the carbureter or breathers. After 200 
hours of service, the accumulation is likely to become severe enough 
to plug up one of the passages and result in the seizure of the bearing 
whose oil supply is cut off. It is therefore recommended that Whirl- 


wind engines be given a complete overhaul after every 200 hours of 
service. 


DISASSEMBLY AND INSPECTION 


After removing the engine from the ship, mount it on a tilting stand, 
as shown in Fig. 11. If one of these is not available, a substitute 
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can be made by bolting the iron mounting plate from the shipping box 
to a suitable wooden stand, or the engine can be left mounted in the 
ship. 


Frq. 11.—Removing propeller hub—first operation. 


Disassemble the engine in accordance with the instructions found 
in the pages following. As each part is removed, it should be washed 
in gasoline and placed on the inspection bench. This bench should 
be located near the disassembly floor and where it will receive a good 
supply of light. A drop light is very handy for inspecting the cylinder 
bores and valve,seats. 
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A service tool kit is furnished with each engine by the manufacturer. 
This contains tools sufficient for the general servicing of the engine 
and should be carried in the plane for use in emergencies. For completely 


Fig, 12,—Removing propeiler hub —third operation. 


disassembling and reconditioning the engine, a number of special tools 
are absolutely essential. A repair depot handling any great number 
of engines should be equipped with a complete set. 
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The following instructions for disassembly are presented in as great 
detail as space permits. 

1. Propeller Hub.—To remove the propeller hub, use wrenches 
which will be found in the service tool kit accompanying the engine. 
After removing the cotter pin, back off the outer or larger nut three 
full turns. Then back off the inner or smaller. nut until it brings 
up against the outer nut. Holding the inner nut with the wrench, 
tighten up on the outer nut until the hub comes loose. It can 
then be pulied off by backing off on the inner nut. After removing 
the hub, the inner nut should be replaced on the crankshaft to avoid 
the possibility of damaging the threads. In loosening the nuts and 
the hub, it will be necessary to use considerable force; three or 
four blows with a lead hammer are usually required. (See Figs. 11 
and 12.) 

2. Ignition System.—After removing the wire terminals from the 
spark plugs, loosen the clips on the push-rod housings and intake pipes 
and free the ignition wires. It is not necessary to remove the clips. 
Remove the nuts, holding the wire manifold to the intermediate section. 
Remove the oil drain pipe running from the intermediate section to 
the oil sump. Disconnect the magneto-advance rods by unscrewing 
the pin from the magneto-advance lever. Withdraw the magneto- 
coupling cotter pin and disengage the coupling. Take out the four 
screws holding each magneto to the bracket. Tree the magnetos from 
the dowels by striking lightly with the hand. Lift off the magneto 
and ignition-wiring assembly complete. 

3. Carbureter.—If it has not already been done, remove the pipe run- 
ning from the oil sump to the oil pump and the main fuel line. Remove 
the 12 nuts holding the manifold to the crankcase and withdraw the 
carbureter and the manifold. 

4, Priming Lines.—The priming lines should be taken off by removing 
the stuffing nuts on the various fittings. 

5. Cylinders.—When an engine is to be given a complete tear-down, 
the following rule should be strictly adhered to: 

Cylinder 1 should be removed last. Failure to do this and lack of 
proper care will result in broken piston rings, broken pistons, and possibly 
injured cylinders. 

_ The reasons for this warning and the proper precautions when it is 
necessary to make an exception to the rule are discussed later. 
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a. Whirlwind J-5.—Remove all the spark plugs and rotate the crank- 
shaft until the piston of the cylinder to be removed is approximately 
on the top center. Remove the three screws holding the intake-pipe 
flanges together, loosen the intake-pipe packing nut in the crankcase, 
and remove the intake pipe. Remove the two nuts holding down the 
push-rod-housing packing flange, locknuts, and cylinder hold-down 


Fig. 13.—Removing valve collar locks Fie. 14.—Same operation on J-4B. 
of J-5, 


flange nuts. Rock the cylinder gently from side to side and remove it by 
pulling it straight outward. Be careful that the piston does not swing 
over against either of the adjacent cylinders and that the push rods 
or rocker-arm cups do not fall out of the housings. As soon as a cylinder 
is removed, the piston should also be taken off, to avoid injury in sub- 
sequent operations. 

To disassemble the valve gear, proceed as follows: Take out the two 
screws on top of the rocker-arm housing and remove the cover. Remove 
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the cotter pins and castellated nuts from the rocker-arm pins. These 
are on the outside ends of the pins. With a fiber or brass drift, tap 
the pins out of the housings toward the center of the cylinder. 

For removing the valve springs and washers, some sort of jig to hold 
the valves in place is handy. This can easily be made from two pieces 
of wood, one as a base with the other piece (10 by 4 by 1 inch) nailed 
to it at right angles. The latter should be trimmed so that it will bear 
lightly on the valve heads when the cylinder is placed on it and the bottom 
of the sleeve rests on the base. 

After placing the cylinder on the jig, place the valve-spring tool 
in position and slip a rod through the holes in the housing and the tool. 
Raising the handle of the tool, depress the valve spring until the split 
valve collar locks can be disengaged, as in igs. 18 and 14. Take off the 
tool and remove the valve springs and washers. Unscrew the two nuts 
located inside each rocker box and remove the push-rod and rocker- 
arm housing assemblies. Do not disconnect the push-rod and rocker- 
arm housing assemblies unless necessary. Take off the wire lock rings 
located near the top of each valve stem. Holding the valves with one 
hand, take the cylinder off the jig and place it in a horizontal position 
on a bench. Remove the valves, taking care that they do not strike 
the cylinder walls on the way out. 

b. Whirlwind J-4A and J-4B.—The order of procedure in taking 
off the cylinders of Models J-4A and J-4B is the same, but there is con- 
siderable difference in the detail. 

After removing the spark plugs and taking off the intake pipes, the 
next step is to remove the push rods. This is best done by setting 
a monkey wrench to the proper size to slip over the rocker arm and with 
this compressing the valve spring. The push rod can then be lifted out. 
A convenient method of removing the rods is first to perform the operation 
on the cylinder which is on the compression stroke and then, rotating 
the crankshaft, follow the firing order (1, 3, 5, 7, 9, 2, 4, 6, 8) around the 
engine. 

The cylinders can then be removed, proceeding as with Model J-5. 

In disassembling the valve gear, the same sort of jig described for 
Model J-5 is necessary. Place the cylinder on the jig and insert 
the slotted end of the tool under the shoulders of the rocker-arm 
support. When the other end is pressed down, the end of the valve 
will project up through the round hole in the tool, and the locks can 
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be removed. Proceed as before in removing washers, springs, lock 
wires, and valves. 

If the wristpins are a drive fit when cold, they should not be removed’ 
until the piston has been heated with hot water or steam. They can 
then be driven out with a fiber drift. Failure to heat the piston first 
may result in serious injury to the piston bosses and the wristpin plugs. 

To remove the No. for top cylinder without first removing the other 
cylinders, proceed as follows: 

Set piston 1 on top dead center. 

Remove the intake pipe, the two nuts holding down the push-rod 
packing flange, and the cylinder hold-down nuts. 

Loosen the cylinder by rocking it gently back and forth, and pull 
it straight out. As soon as it is clear of the studs, slip the two rods 
into place between the master rod and the crankcase studs, one on either 
side. This will prevent the rod from tipping sideways and consequently 
keep the bottom rings on pistons 5 and 6 from coming up over the ends 
of the cylinder sleeves and breaking. The cylinder should be removed 
very carefully with a straight, steady pull. 

The reassembly should be performed in the reverse order. 

6. Nose Plate.—To remove the nose plate, take off the lock wire 
and, with a spanner wrench, unscrew the thrust-bearing nut. Then 
remove the nuts and washers and pull off the nose plate. 

7. Crankcase Front Section—The studs in the front of the J-5 crank- 
case main section extend through the intermediate and front sections 
holding the three together, while two sets of short studs perform the 
same function on the J-4B. Remove the nuts and pull off the front 
section. The front thrust bearing and the spacer on the crankshaft 
will come off with it. The section can be loosened by tapping lightly 
on the lower corners of the magneto brackets with a lead hammer. 

The cam-drive gear should then be removed. This is keyed to the 
crankshaft and should be pulled. 

The cam, cam spacer, and oil slinger can then be lifted off. 

8. Intermediate Section After removing the nuts (J-4B), reach 
inside the crankcase with the lead hammer and tap lightly on the bottom 
of the intermediate section. This section can then be freed from the 
main section and the roller bearing. 

9. Connecting Rods.—Cut all the lock wires andsremove the cap- 
screws and knuckle-pin locks.. Using the correct tool, pull out the 
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knuckle pins, removing each rod from the engine as its pin is withdrawn. 
In using this tool, first run the nut out to the head of the bolt and then 
screw the bolt down into the pin at least six full turns. Failure to do 


Fic. 15.—Removing knuckle pins. 


this may result in stripping the threads inside the pin. Run the loose 
nut down until it seats on the puller body and turn up on it with a 
wrench, withdrawing the pin. See Fig. 15. 
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10. Master Rod.—With the long-handled socket wrench, take out 
the four master-rod clamping screws. Tap on the master rod until 
the two parts separate and can be removed as in Fig. 16. 


Fic. 16.—Removying master rod bolts, 


11. Crankshaft.—Do not under any circumstances remove the crank- 
shaft counterweights. If this is necessary, the crankshaft should be 
returned to the factory where the assembly can be properly balanced 
before using again. 

Turn the motor over until the crankshaft is in a horizontal position 
and proceed as follows: 

Unscrew the nuts and remove the starter. With a screwdriver, take 
out the screw which will be observed in the center of the starter dog. 
Pull out the starter dog. Pull out the accessories drive gear. The 
crankshaft will then be free and should be removed by pulling straight 


WRIGHT WHIRLWIND ENGINE J-5 181 


out through the front of the crankcase. Take off the nuts holding the 
rear section to the crankcase, not forgetting the one at the bottom behind 
the oil strainer, and remove the rear section. See Fig. 17. The rear 
section is shown disassembled in Fig. 18. 


Fia. 17.—Removing crankshaft gear, 


Remove the four nuts and pull off the fuel pump. Remove the 
four nuts and pull off the oil pump. Remove the four nuts on each 
and pull out the gun synchronizers. 

To disassemble the fuel pump, remove the four castellated nuts and 
take off the cover. The two gears can then be removed and inspected 
for wear, Remove the two valves and see that the seats are in good 
condition. 
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- To disassemble the oil pump, remove the four long bolts holding 
the four sections together. Remove the four screws holding the tachom- 
eter drive housing to the oil-pump cover. Examine all gears and 
housings for wear. 


Fia. 18.—Rear section disassembled. 


Inspection.—When the disassembly is complete and all the parts 
have been washed and laid on the bench, a very careful inspection should 
be made. This should consist of a general examination for signs of 
wear or failure and a check of all the wearing parts for the clearance. 

The question of when a part should be replaced is one which can- 
not be decided by rule and must be left largely to the judgment of the 
inspector. 

The piston rings should be checked for tension by measuring the 
gap between two corresponding points on the ends when the ring is free. 
If this is less than 14 inch, the ring should be replaced. 

The crankshaft main bearings and thrust bearing should be very 
carefully inspected for wear or deterioration. Clean each bearing 
thoroughly in gasoline and spin it, listening for any.sound indicating 
uneven running. Hold the inner race in one hand and rotate the outer 
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race slowly with the other. As each ball passes, inspect for cracking, 
chipping, or corrosion. The same inspection should be made on the 
races. It is very difficult to make a good inspection of a roller bearing; 
the inspector should be guided largely by the smoothness of rotation 
and the amount of play. Roller bearings are built with some end play 
but should have very little radial play. Any bearing which is chipped, 
cracked, or corroded or which is excessively loose should be discarded. 

If it is necessary to replace the master-rod main bearing or any of 
the articulated rod bearings, it is of the greatest importance that the 
reaming be done accurately and the proper alignment obtained. This 
necessitates the use of master and articulated rod-reaming fixture. 
If this tool is not available, the rod should be returned to the manu- 
facturer for replacement of the part. 

The spark plugs should all be taken apart and cleaned. Emery is a 
good conductor of electricity; so emery cloth should never be used for 
this purpose. Use garnet cloth, sandpaper, or a steel scraper. Set 
the gaps to 0.015 inch (B. G. plugs) by tapping on the outside end of 
the outer electrode with a center punch and hammer. If A. C. plugs 
are being used, they should be washed in gas, cleaned in an air blast, 
and have the gaps set at 0.020 inch to 0.025 inch. 

Inspect the spark-plug threads in J-5 cylinders for signs of wear or 
picking up. ‘The bronze bushings were omitted in this design with the 
idea of improving the running conditions of the spark plugs, and the 
tapped hole in the head substituted. Care must be taken in inserting 
and removing spark plugs to prevent stripping the aluminum threads. 
The plugs should be selected for smoothness and proper fit of the threads, 
and no plug which will not go in without undue forcing should be used. 

The fuel pump should be disassembled and inspected for wear. The 
maximum allowable clearances are as follows: 


Intemal-searchattpim! Dearing... aeed= io ayer 0.006 inch 
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(CeiHdS (RIP HO CONE Rw JU 6 a Soe Ce po any ose 0.004 inch 


Remove the valves and see that the seats are in good condition. Lap 
if necessary. Inspect the packing on the shaft and replace if not in 
good condition. Any gas leaking past this goes into the crankcase 
and dilutes the oil. The contex gear should not project above the 


ve 
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end of the internal gear. Adjustment to the desired end clearance 
of 0.002 to 0.004 inch can be made by varying the thickness of the cover 
gasket or, if necessary, by grinding either of the two gears. 

If their condition warrants it, the cylinder valve seats should be cut, 
using the tools listed for that purpose, and the valves faced off in a grinder. 
They should then be gréund and tested for tightness with gasoline. 

Replacement of Valve Guides.—If the valve guides in a cylinder 
become worn, allowing excessive clearances, it is advisable to replace 
them with new parts. By so doing the valves are held straight on their 
seats and loss of compression, leaks, and burned valves are avoided. 

The intake- and exhaust-valve guides on Models J-4+A and J4B 
engines and the intake-valve guides on Model J-5 engine are of bronze 
necessitating the use of counterbores in removing them. Set the cylinder 
up in a suitable machine and run the counterbore through the guide, 
the pilot pops the tool and preventing injury to the cylinder. This 
leaves a shell 164 inch thick which can be removed with a cape chisel. 
Attempts to ne e the guides out with a drift are very likely to end in their 
seizure in the bosses, necéssitating replacement with oversized parts. 

The J-5 exhaust-valve guide is of hardened tungsten steel and can 
be pulled out without danger of seizure. The guide boss should first 
be heated for several minutes with a blow torch applied through the 
valve port. A puller should be put on the guide removed. 

Method of Replacing Guides, J-4A, J-4B, and J-5.—1. Inspect the hole 
from which the guide has been removed and measure its diameter with 
inside calipers and a micrometer. The hole should be from 0.001 to 
0.002 inch smaller than the guide which is used for replacement. It 
will usually be found possible to use standard guides for replacement, 
but if the hole is found to be mutilated or less than 0.001 inch below 
the O. D. of the guide, an oversize replacement guide will be necessary. 

2. If it is found necessary to use an oversize replacement guide, 
the cylinder guide hole should be reamed to a diameter from 0.001 to 
0.002 inch less than the outside diameter of the guide. In other words, 
a drive fit of from 0.001 to 0.002 inch is desired. The reaming operation 
should be carefully done, using the reamer pilot bushing, as it is abso- 
lutely necessary to hold to these limits. A tighter fit may break the 
cylinder, and a looser fit may allow the guide to come loose in service. 


3. Insert in the new guide the special drive provided and tighten 
the drift nut. 


AS 
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4. The valve-guide bosses should be heated with a blow torch before 
driving in the guides. 

5. With a wooden or rawhide mallet, drive home the guide until 
the shoulder seats firmly on cylinder. Remove the drift. 

6. Ream the inside diameter of the guide with the finish reamer, 
to give a clearance of 0.002 to 0.003 inch over the inlet-valve stem and 
from 0.003 to 0.005 inch over the exhaust-valve stem on J-4A and J-4B 
engines. 

7. The J-5 intake valve guide should be reamed to a clearance over 
the valve stem of 0.004 to 0.006. 

8. The J-5 exhaust-valve guide is ground to size at the factory. The 
reaming operation is unnecessary, as the guide will not contract when 
inserted in the cylinder. 

Check the thickness of the metal above the J-4-series rocker-arm 
ball cups and replace if this is less than 5¢4 inch (0.078 inch). An easy 
way to make the measurement is to set a pair of outside calipers at 
4g inch (0.500 inch) and with one point located in the bottom of the 
cup to measure the distance from the outside of the rocker arm to the 
other point with a scale. The desired dimension can then be obtained 
by subtraction. 

Inspect each push-rod ball end for roundness and for signs of contact 
with the rocker on the ball neck. If the rocker has been hitting, the 
ball end should be replaced. 


ASSEMBLY 


The successful operation of the engine is absolutely dependent on 
the attention given to every detail in inspection and assembly. 
It should be constantly borne in mind that the slightest neglect on 
the part of inspector or mechanic may result in the failure of the engine 
and the possible loss of one or more lives. 

Cotter pins and lock wires which bave been badly bent should never 
be used again. 

Great care should be taken to prevent dirt, dust, cottor pins, lock 
wires, nuts, washers, and other small parts from falling into the inside 
of the engine. These might work into the gears or oil lines and cause 
immeasurable damage. 

If the engine is to stand for any length of time before being used, 
all steel parts, both inside and outside, should be covered with oil to 
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prevent rust. Completely finish each step in the process of assembling 
as the work progresses. Do not leave a bolt loose or a nut not cottered, 
with the idea of coming back to it later on. 

Never slack off on a nut in order to line up the notch in the nut with 
the cotter-pin hole in the bolt or stud. If it cannot be tightened suffi- 
ciently with reasonable. effort replace it with another nut. 

Before being assembled in the engine, all parts should be thoroughly 
cleansed and made free from grit. Wipe with a clean, dry rag which 
is free from lint. Do not use waste or tattered rags, pieces of which 
might be left unnoticed inside the engine and clog up pipes or strainers. 

Remember that the engine will turn over a number of times before 
the oil pump will start to furnish the regular supply of oil; therefore, 
coat all bearing surfaces with a good supply of standard engine oil before 
assembling. All studs, nuts, and parts which are a drive fit should 
likewise be oiled. In the assembly procedure following, it will be assumed 
that this has been done where necessary. 

In places where there is the possibility of oil leaking out between 
two machined surfaces, as under the cylinder hold-down flanges, it is 
recommended that the surfaces be coated with soft soap before assembling. 
This should be of good quality and free from lumps or foreign matter. 
Soap presents many advantages over the compounds most generally 
used for sealing and is highly recommended. 

For convenience in assembling the engine, a list of the various parts 
and the location of their identification numbers is given below. 


Cylinders.—The engine number and the cylinder number are stamped on 
the cylinder head over the intake port. 

Valves.—The cylinder number is etched on the upper side of the valve 
head. 

Rocker Boxes.—The cylinder number is stamped over the rocker-arm pin 
boss. 

Crankcase.—The engine number is stamped on the side of cylinder 1 pad, 
and the cylinder number is stamped on the front side of each pad. 

Crankshaft—The engine number is stamped in the aluminum plug in the 
front end. 

Master Rod.—The engine number is stamped on top of the front flange. 
The four clamping bolts are numbered, and corresponding numbers are 
stamped at the top ends of the four holes. 

Pistons.—The cylinder number is stamped on the top of each piston 
toward the front of the engine, and the engine number is on the opposite side. 
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Link Rods.—The link rods bear the engine and cylinder numbers on the 
front side near the piston end. 

Wristpins.—The cylinder number is stamped on the end plug in each 
wristpin. ; 

Knuckle Pins.—The cylinder number is etched on the top of each knuckle 
pin. 


1. Crankcase.—After cleaning the crankcase, bolt it securely to the 
assembly stand by at least four good bolts. 

2. Crankshaft.—If the crankshaft main bearings have been removed, 
they should be replaced in their original positions. The manufacturers’ 
names and numbers face the ends of the shaft. The retaining nut on the 
rear end of the shaft should be run up against the bearing and the slinger 
until it is in its original position, as shown by the center-punch mark 
on the shaft and the lock-wire hole in the nut. The lock wire should 
then be replaced. Any plugs which have been removed for cleaning 
the shaft should be replaced and locked in place with a center punch. 

The roller bearings should then be filled with vaseline, and the crank- 
shaft inserted in place in the crankcase. 

3. Connecting Rods.—Tilt the stand so that the crankshaft is in a 
vertical position. 

The two halves of the master-rod bearing should then be put back 
in their places in the two parts of the rod, and the babbitted surfaces 
coated with oil. The crankpin should also be oiled. Place the upper 
part of the master rod in position with the shank protruding from the 
No.1 or top-cylinder opening. Place the lower part of the rod in position, 
making sure that the knuckle-pin lock-plate screw holes are facing up. 
Replace the four clamping screws in their proper places according to the 
numbers on the screws and the rod and turn up with a socket wrench, 
until the numbers on the screw heads correspond with those on the 
master rod when set up tightly. It is best first to tighten up all the 
screws until they are quite snug and then to bring them all up to their 
proper positions, a few degrees at a time. This insures a uniform set 
of the two halves and avoids the application of unnecessary. strains. 
The bottom, or rear, screws should be wired, using the two small holes 
provided in the rear flange of the rod. It is of the greatest importance 
that this be done and done well. 

The link rods should then be put in. Coat the bushing in the rod 
and the knuckle pin with oil and slip the rod into place with the number 
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up. Thrust the knuckle pin into position as far as it will go by hand 
and then tap it down with a block of fiber or hard wood. The straight 
side of the pin top should be facing the lock-plate screw hole. If it does 
not seem to be in alignment after assembly, it can be turned by carefully 
using a brass drift on one side or the other. The rods should all be put 
in this fashion and the piths locked in place with the locking plates and 
screws. The two lower screws should then be wired together, and each of 
the upper screws should be wired to the nearer master-rod clamp screw. 

4, Intermediate Section.—The intermediate section should then 
be put in position and tapped down over the front crankshaft roller 
bearing. A dowel in the face of the main crankcase permits the inter- 
mediate section to be put on in none but the correct position. The oil 
slinger, the small steel spacing ring, and the cam should next be slid 
on over the crankshaft in the order named. The internal gear on the 
cam faces the front of the engine. The cam-drive gear, well oiled, is 
then tapped into place, the cam bearing sliding inside the cam hub 
and locating itself on the key in the crankshaft. 

5. Front Section.—If the cam and magneto drive shaft has been 
removed from the front section, it should then be replaced. The front 
section should be assembled in place, with the long crankcase stud 
extending through the oil drain pipe boss at the bottom (J-5). On 
J-4A and J-4B engines, the oil drain pipe is connected at the bottom 
of the intermediate section. 

Put washers and castellated nuts on the crankease studs and draw 
them up tight. Lock with one wire running all the way around the 
ease. Slip the crankshaft spacer and the thrust-bearing rear oil slinger 
into place. On J-4A and J-4B engines, this slinger is almost flat, while 
on the J-5, it is spun over in an arc of almost 90 degrees. The 
front slinger is the same in all models. Fill the thrust bearing with 
vaseline and tap it into place. 

Put on the thrust-bearing front oil slinger and the crankshaft nut. 
Tighten the nut until the crankshaft has been pulled up into position 
and the center-punch mark on the crankshaft comes opposite the lock- 
ing-wire hole on the nut. 

6. Pistons and Cylinders.—In replacing the pistons and cylinders, 
always put on piston 1 and cylinder 1 first. 

Cylinders of Models J-4A and J-4B engines should be assembled 
complete with valves, springs, and rocker arms before putting them 
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on the engine. Model J-5 cylinders should have only the valves, springs, 
and washers, leaving the valve-operating gear until later. 

If the wristpins are a tight fit, the pistons should be heated before 
they are put on the engine. This can be done with hot water or in a 
small oven of some sort. 

Hold the piston in position and push the wristpin into place so that 
the plug ends are flush with the outside of the piston. Apply a liberal 
coating of oil to the piston and the inside of the cylinder sleeve. Com- 
press the piston rings with ring clamp and slide the cylinder over the 
top rings. Shift the clamp to the bottom ring and slide the cylinder 
into its proper position in the crankcase. Secure with the eight hold- 
down nuts and locknuts. 

It is perhaps unnecessary to observe that the cylinder cannot be put 
on with the spark plugs in their bushings. A very convenient and safe 
system is to have on hand a number of old spark-plug shells which have 
had bits of 60-mesh screen soldered onto the outer ends. The regular 
plugs can be put in the rear bushings, and these dummies in the front. 
This prevents dirt and chips from entering the combustion chambers 
while the engine is being assembled and still allows the mechanics to 
rotate the crankshaft freely. 

Replace the intake pipes. 

7. Valve-operating Mechanism.—On the Models J-4A and J-4B 
assembling, the valve gear consists in inserting the push rods in position. 
The inside camfollower (nearer the cylinder) operates the intake valve, 
and the outside follower (toward the propeller) operates the exhaust 
valve. 

The J-5 assembly is more complicated. The rocker-box and push- 
rod housing assembly is put back in position, and the nuts and washers 
are replaced. Do not forget the spacing washers which go on the two 
front studs before the rocker boxes are put on. On the early engines 
it is very easy to confuse these washers (No. 19,414) with the washers 
under the nuts holding down the rocker box (No. 19,413). They can 
be identified as follows: No. 19,414 (under the box) is 0.031 inch (72 
inch) thick and is ground on both sides, while No 19,413 (inside the 
box) is 0.047 inch (3é4 inch) thick and is not ground. No. 19,413 is 
also used at top and bottom of the rocker-box springs. On the later 
engines, spacer No. 20,313 is used in place of the two washers No. 19,414. 
The packing nut at the top of the housing should be adjusted to give 
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0.031 inch clearance between the rear end of the rocker box and the 
cylinder pad. The push-rod ball ends should then be dipped in oil 
(preferably 600W) and the rods inserted in the housing. Then the rocker 
arms are assembled in place. Be sure that the hardened steel push- 
rod ball cup is in place. If the cups are coated with heavy oil on the 
outside before inserting ia the rocker arm, they will stick in place, and 
much annoyance will be avoided. The castellated nut which locates 
the rocker-arm pin in the housing should be turned up until it is snug 
and cotter-pinned in place. Be sure that this nut is tight as it clamps 
the thrust washers against the steel bushing on the rocker and insures 
the proper bearing of the rocker arm. 

8. Ignition System.—Replace the ignition system in the reverse order 
of disassembly. 

9. Timing.—The engine is then ready for timing. The rear face 
of the propeller hub is marked with the proper angles and can be used 
in this operation. When it is not desired to remove the hub from the 
propeller, or when a metal propeller is being used, timing dise WA-138 
and hub WA-265 are necessary. Put on whichever hub is to be used. 

Insert the top center indicator WA-43 into the front spark-plug bush- 
ing of the No.1 or top cylinder (rear bushing on J-4A and some J-4B 
engines): 

Set the tappet clearance on cylinder 1 valves at the proper value 
for timing. For all models this is 0.060 inch. 

With a piece of sheet metal and a pair of shears make a pointer and 
attach loosely to the engine on the two top nose-plate studs. 

Remove the cotter pin and loosen the hex nut on the end of the cam 
and magneto drive shaft. This is located in the nose of the engine 
directly above the crankshaft. Remove the breather (J-4A and J-4B) 
or the plug (J-5) located on top of the crankcase front section directly 
between the magnetos. 

Set piston 1 on top dead center, as shown on the indicator. 

Adjust the sheet-metal pointer to cylinder 1 top center mark on the 
hub. If the timing disc is being used, secure the pointer tightly to 
the engine and make a mark opposite on the disc. 

Rotate the shaft until the intake valve on the No.1 or top cylinder 
begins to open. This point is best determined by rocking the tappet 
roller with the thumb and forefinger and noting the point at which it 
comes into contact with the valve end. 
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Remove the timing dise or hub, being careful not to disturb the 
setting of the cam. Insert a screwdriver through the breather hole 
and separate the serrated discs, or timing dogs. On Model J-5, the 
serrated surfaces are between the hub faces of the magneto and the 
cam-drive gears, while on the J-4 series engines, they are located in 
front of the two gears. 

Replace the hub and turn the crankshaft in the direction of rotation 
until the pointer indicates 8 degrees before the top center mark pre- 
viously mentioned. : 

Engage the dogs and secure them by turning up on the cam-drive 
shaft nut. 

Check the setting of both intake and exhaust valves. As cams 
are subject to slight variation, it is probable that when the intake 
opens at 8 degrees before top center, the exhaust will close at from 8 
to 10 degrees after top center. Whatever this difference is, it should 
be split and added equally to both sides, so that the valves operate 
at equal angles on either side of top center. 

When the timing is correct, tighten and cotter the cam driveshaft 
nut. Replace the breather cap (J-4A and J-4B) or plug (J-5). Remove 
the top center indicator. 

To adjust the magneto timing, first set cylinder 1 on the com- 
pression stroke at 30 degrees before top center, as indicated on the 
hub or timing disc. If the valve timing has just been adjusted, 
this is done by turning the crankshaft through approximately one 
complete revolution. 

Then set the magnetos on cylinder 1 with the breaker points just 
separating. To do this, proceed as follows: Push the coupling toward 
the magneto until it disengages from the engine drive gear and rotate 
it until the firing point of cylinder 1 is reached. This occurs when 
the marks on the distributor drive gear coincide with those on the 
casing. The right side of the magneto has double, while the left side 
has single marks. The firing point can also be determined by watch- 
ing through the small observation window until the numeral 1 appears. 
The exact location of the point is obtained by putting a slight tension 
on a piece of thin paper held between the breaker points. When the 
points separate and the paper is released, hold this setting securely, 
disengage the coupling completely, and rotate until the two pairs of 
gears engage! 
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Repeat with the other magneto. 

As soon as both are timed, a check should be made to see that the 
two are synchronized. Insert pieces of paper between the breaker 
points and rotate the crankshaft until both are released. The difference 
between the two should not exceed 14 degree. Make sure that no 
paper is left between the breaker points. 

Cotter the couplings and replace the distributor blocks and breaker- 
mechanism covers. 

10. Rear Section.—The rear section should then be replaced. Coat 
the rear end of the crankshaft and the bronze bearing inside the rear 
section with oil and slide the rear section into place. Replace the 
retaining nuts and washers. The bottom stud is behind the oil strainer, 
and, on account of its position, is likely to be forgotten. Oil the shaft 
on the accessories drive gear and tap it into place, rotating the accessories 
gears until they are in mesh. Tap the starter dog into place in the end 
of the drive gear and lock both in the shaft with the long steel screw. 
Replace the starter. 

11. Tappet Clearance.—On Models J-4A and J-4B, the tappet 
clearance is set at 0.010 inch for both intake and exhaust. The adjust- 
ment is made on the upper end of the push rods where the ball-end 
shank screws into the rod proper. Keep the rod from rotating by 
means of a wrench on the hex provided for that purpose, loosen the 
locknut, and then screw the ball end in or out until the 0.010 inch 
feeler becomes a snug fit between the roller and the valve plug. Bring 
the locknut up tight against the rod and then check the clearance to 
make sure that the ball end has not rotated while being locked. The 
adjustment on Model J-5 is quite different, the clearance for both 
tappets being 0.040. Loosen the clamping screw on the push-rod 
end of the rocker arm and with a large screwdriver turn down on the 
adjusting screw until the rocker roller touches the valve plug. Then 
back off on the adjusting screw until the arrow on top has passed eight 
divisions of the scale on the rocker arm (each division is equivalent 
to 0.005-inch clearance on the valve stem). Lock in place by tightening 
the clamping screw. 

12. Miscellaneous.—Replace the carbureter, the oil drain pipe, 
and the rocker-box covers. 


13. Propeller Hub.—The procedure in putting on the-propeller hub 
is described on page 175. 
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SERVICE SUGGESTIONS 


The lubricating oils listed below have demonstrated by extensive service 
that they are satisfactory for use in Wright engines. 


Summer Grade: Winter Grade: 
Gargoyle Mobiloil B (97-101) Gargoyle Mobiloil BB (75) 
Hyvis Extra heavy (110) Hyvis special heavy (85) 
Kendall G (106) Kendall F (87) 
Marland super Liberty (100) Marvelube Special heavy (75) 
Marvelube Extra heavy (103) Pennzoil Extra heavy (85) 
Pennzoil Aviation special (100) Stanolind Superla (80-85) 
Stanolind Superla (90-95) Veedol special heavy (74) 
Valvoline special heavy (95) Warren A BC 
Veedol Extra heavy (106) Zerolene Aero—1 (80) 


Wolfshead No. 8 (98) 
Zerolene Aero—2 (95) 


Numerous engine operators seem inclined to use a heavier summer oil 
than the grade recommended by the Wright Aeronautical Corporation. 
This practice has met with success during warm weather and is per- 
missible, if desired. The following brands of oil have been used with 
satisfaction. 


Kendall J (125) 

Magnoline (125-130) 

Pennzoil Double Extra heavy (115) 
Stanolind Aero (125) 

Valvoline Extra heavy special (122) 
Veedol Liberty Aero No. 4 (116) 


When a heated hangar is always available, or some method of pre- 
heating the oil is employed, it is possible to use an oil of summer grade 
during the winter time if desired but this practice is not recommended. 
Better satisfaction will be obtained with one of the winter grade oils 
listed above. The six oils just listed should not be used during cold weather 
under any condition. 

In all the tables given above the oils are listed in alphabetical order. 
The figures in parentheses are the viscosities at 210° F. 

The aluminum plugs in the Whirlwind and Cyclone engine knuckle pins 
are a press fit in the pin and should not be removed unless absolutely neces- 
sary. It is necessary to use a new part in replacing the plug in order to obtain 


the required tight fit. 
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A large number of airplane manufacturers do not install a shut-off cock 
in the primer line near the Lunkenheimer primer furnished with the engine. 
It is then possible for raw gasoline to be sucked into the engine causing rough- 
ness of operation. It is also possible for the leakage to be severe enough to 
cause dripping at the carbureter. The shut-off cock should be installed 
in the line near the primer arfd should be provided with a right-angled handle 
which in the off position will extend across the primer handle. 

In addition to this difficulty, due to the absence of a shut-off cock on the 
priming line several instances have been experienced wherein gasoline has 
leaked past the primer pump and into one of the two lowest cylinders, filling 
it with raw gasoline to such an extent that when the piston approached top 
center it came in contact with this solid mass of gasoline with such force 
that the connecting rod was bent, necessitating its immediate replacement. 
Even though a shut-off cock is installed there is a possibility that through 
negligence it might be left in the open position with the result noted above. 

To definitely eliminate any such possibility it is urgently recommended 
that the priming system be changed as noted below: 

Remove the priming pipes between Nos. 1 and 2 and 1 and 9 intake pas- 
sages in the rear of the crankcase section. Remove the priming tee and 
elbow from Nos. 2 and 9 intake passages. The holes in Nos. 2 and 9 intake 
passages should then be plugged up with a !¢-inch brass-pipe plug. White 
lead or shellac should be placed on the threads to insure an air-tight plug. 
The intake passages to cylinders 3 and 8 should then be drilled and tapped 
(1g-inch pipe) in the center line of the passages approximately 134 inches 
from the inside edge of the mounting flange and square to the surface of the 
metal. Heavy grease should be placed on the drills and taps to eliminate 
the possibility of chips falling into the intake passages. The priming tee 
and elbow should then be placed in the holes using white lead or shellac. 
Longer !<-inch seamless tubing should be used to connect Nos. 1 and 3 and 
1 and 8 intake passages. 

With the priming system installed as above, the possibility of any of the 
cylinders filling up with gasoline is eliminated. If the priming cock is 
accidentally left open, the gasoline will run_into 3 or8 (depending upon 
which side the engine is primed) intake passage and then down through 
the intake passages and out the carbureter. 

Oil Consumption.— Examination of master-rod bearings, which have been 
removed from engines having excessive oil consumption, has disclosed that 
in many cases considerable leakage has occurred at the parting line on the 
bearing. In other cases, the leakage has been caused by the former practice 
of burnishing the bearings by hand, thereby breaking down the sharp 
corners of the two halves of the bearing halves, thus forming four small 
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triangular passages through which a considerable quantity of oil could 
escape. In other cases, oil leakage has been discovered between the backs 
of the bearing halves and their seats in the master rods. 

The following precautions should be taken when inspecting and assem- 
bling these parts on engines which have been in service: 

Check the fit of the bearing halves in the respective halves of the master 
rod. This check is made by “‘bluing”’ the backs of both bearing halves and 
the parting surfaces of one half. The bearing is then assembled in the mas- 
ter rod without the crankshaft. The “blue” should be slightly heavier 
than that commonly used in fitting babbitt bearings. All surfaces should 
be scrupulously cleaned by polishing with crocus cloth and gasoline before 
the blue is applied. Tighten all four bolts until the numbers on them are 
exactly in line with the corresponding numbers on the master rod. The fit 
of the bearing should be checked along the oil chamfer by attempting 
to insert a 0.0015-inch feeler gage. This is the point previously mentioned 
at which considerable oil has been found to escape. Disassemble the master 
rod and examine the distribution of the blue. It is not practicable to estab- 
lish any specific bearing percentages for these fits on service engines; how- 
ever, it is essential that you satisfy yourself that no leakage exists at the 
points mentioned. 

The diametrical clearance of the master-rod bearing should then be 
checked on the crankshaft journal. This clearance should not be less than 
0.0025 inch nor more than 0.003 inch. Bearing clearances of less than 
(0.0025 inch have been found, in some cases, to lower the quantity of oil 
released in the crankcase to the extent that the seizure of one of the upper 
pistons is liable to occur. 

Crankshaft Plug—On the early model Whirlwind the crankshaft 
accessory drive gear bolt nut had a small boss to receive the accessory 
drive gear bolt. The design of this boss was such that when assembling the 
engine the bolt would sometimes jam between the boss and the shaft. With 
the new nut the boss has a ‘‘flared” opening which receives the bolt, thus 
making it impossible to jam the bolt between the boss and the shaft. It is 
recommended that the old nut be replaced with the new type whenever an 
engine is torn down. 

Holes in Piston-pin Plugs.—All piston-pin plugs on J-5 engines should 
have a No. 52 hole drilled in the plug approximately 4 6 inch from the flange. 
These holes are the means by which the air imprisoned in the piston pins 
can be relieved. Before the holes were drilled, in the case of tight-fitting 
plugs, the pressure of the imprisoned air would cause the plugs to bear on 
the cylinder walls, causing undue wear. 

Operators should see that these holes are drilled at the first top overhaul. 
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CHAPTER 5 
THE BLISS JUPITER ENGINE 
The Jupiter engine, originated by the Bristol Company of England, 


and now being built by.the E. W. Bliss Company in this country, is 
a nine-cylinder radial, air cooled, and built with varying compression 


Iie. 1.—Propellor end of Bliss Jupiter engine. 


ratios according to the service for which it is intended. These com- 
pression ratios vary from 5 to 6.3 to 1. The engine is shown in Fig. 1. 

The crankcase is a duralumin drop forging subjected to approximately 
250 blows from a 7-ton hammer. It is machined all over and heat 
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treated. The crankshaft is in two parts, so as to permit the use of 
a solid-end master connecting rod as in Fig. 2, which shows the two 
parts of the counterbalanced crankshaft, the master rod, the floating 
bronze bushing, and the clamping bolt. 

The cam sleeve, with four inlet cam lobes at the front, is driven 
from the crankshaft by a patented eccentric epicyclic gear, shown in 
Fig. 3. The action of the gears is shown in the partial assembly. This 
arrangement drives the cam gear one-eighth the engine speed. The 
iarge number of teeth in mesh gives a very smooth drive. 


Fig, 2.—Crankshaft, master rod and bushing, 


Cylinders (Fig. 4) are machined from steel forgings weighing about 88 
pounds in the rough and 18 pounds finished. The head is integral with 
the cylinder, and the four valves seat directly in the head. This makes 
it unnecessary to shrink the aluminum heads in place. The joint 
between the cylinder and the head is carefully machined to insure 
maximum heat conductivity. By the use of Invar, which has a neg- 
ligible expansion, around the exhaust ports, these joints have a life 
of upwards of 500 hours without attention. The fins are machined 
from the solid and are eccentric, being deeper at the back of the cylinder, 
the compensate for the reduced air flow in that region. 

Pistons are of the slipper type and seem unusually short on this 
account, as in’Fig 5. They have three rings; the lower ring being an 
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Fic. 4.—Jupiter cylinder and head. 


wane wad 
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oil scraper that returns surplus oil through holes through the skirt of 
the piston. The pin floats in both piston and rod. 


Fie. 5.—Piston, pin and ring. 


The valve guides are floating, and have a spherical seat so as to insure 
accurate seating under any running condition. The details can be 


Hardened 
valve cap~>- ~ 


Floating 
Oo 4 guide 


if Spherical 
seating 


Phosphor bronze 
locating "ng 


Fic. 6.—Detail of valve assembly. 


seen in Fig. 6, which shows the bronze locating ring between cylinder 
and head, the double valve spring, and the hardened cap on the valve 


stem. ¥ 
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Fic. 8.—Rocker compensating gear. 
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The oil-pump assembly (Fig. 7) shows both the feed and scavenging 
pumps, the relief valve, and other parts. The scavenging pump has, 
about 30 per cent greater capacity than the feed to insure prompt 
removal of oil after going through the engine. Large, independent 
filters in both the feed and scavenging circuits can be removed and 
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Fic. 9.—Details of clearance compensator. 
A, Cylinder expansion 
B, Rise in rocker fulerum pin—C/D times A = approx. 0.444 
G, Rise in valve end of rocker = E/F times B 

2.58 
Inlet rocker G = : SCAN = ialesZt 
Exh. rocker G = 24 X 0.44A = 0.884 
Therefore, as engine warms up, the inlet clearance increases, and the exhaust 
decreases 
Actual clearances cold—inlet 0.004, exhaust 0.016 
Average clearances hot—inlet 0.010, exhaust 0.010 


cleaned without breaking the oil-pipe lines. A spring-loaded relief 
valve can be easily set to the desired pressure and locked so as to’ require 
no attention between engine overhauls. The whole unit is housed in a 
chamber in the rear crankcase cover and is easily detached. 

To avoid variations in valve clearance, due to heating of cylinders, 
a compensating device is used, as seen in Figs, 8 and 9. The first 
shows the cylinder head and gear, and the next the way in which the 
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Fie. 10.—Jupiter ball bearing rocker gear- 
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Fia. 11.—Push rod assembly. 
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Fig. 12.—The induction spiral. 


Fria. 13.—Jupiter gear-driven supercharger. 
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compensation issecured. The compensation is secured by the movement 
of one end of the rocker bracket with the cylinder head, while the other 
end is controlled by the rod running to the crankcase. Details of the 
ballbearing rocker gear can be seen in Fig. 10. Details of the push-rod 
assembly is seen in Fig. 14. The springs fitted to the inner ends of the 
push rods serve as auxiliary valve springs and compensate for the 
inertia forces on the push rods, relieving the valve springs of this 
extra load. 

A triplex carbureter is used to insure even distribution of fuel to 
all cylinders. Each carbureter feeds one start of an induction spiral 
so designed that each start feeds three equally spaced cylinders. The 
induction spiral is housed in an annular induction chamber in the rear 
of the crankcase, as seen in Fig. 12. 

Superchargers (Fig. 13), starters, and fuel pumps are provided when 
desired. The firing order is 1-3-5-7-9-2-4-6-8. 

The main dimensions and characteristics are summarized as follows: 


Buiiss—JUPITER 


TEA Oo erage cone anes aertee st oe Ch iat Nine-cylinder air-cooled radial 
[SOTO Arn Weenie d see ace ee aera 5.75 inches 
S OKO ea are ra eee ere ree 7.5 inches 
Total stroke volume.............. 1,753 eubic inches 
Normal engine speed............. 1,700 r.p.m. 
Maximum engine speed........... 1,870 r.p.m. 
Propeller........................ Direct-drive left-hand tractor 
GaTDUTebeneer a 3 eee gee eee 1 “ Bristol’? Triplex, oil heated 
et OTe See ses oe ee tee a Dual, 2 high tension magnetos 
Rene ONeCOnbrO laa see ee Seen ECL 
Oulksysteniye carn oe eee ee ase Pressure 40 pounds per square inch 
Tachometer drive. ............... +4 engine r.p.m. 
Fuel recommended............... Standard service 8%, benzole mixture 
@ilvecommended; 7)... 4.2... Castrol R, or pure-treated pharmaceu- 
tical castor 
Standard weight, bare............ 720 pounds 
Jupiter VILA. VI.A.M. VIAL. 

Compression ratio eens eee 6.3 5.3 5 
Rated brake horsepower at normal 

ICE ORION Paci dca ed aN eter Pa eee A a 415 at 5,000 feet 440 420 


WDA MS eaehe Gee bao sae SOA & 455 at 5,000 feet 485 460 
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Buiiss—TITAN 


DeVere Ot Sab eile cen Sie on Five-cylinder air-cooled radial 
IBYone). = |, oh ee nec eee 5.75 inches 
SO coe 6.5 inches’ 
thotaleswept volume... 2. 2.55.4... 842 cubic inches 
Compression ratio...}.......... 5:1 
Rated power andr.p.m........... 200 brake horsepower at 1,700 r.p.m. 
Power at maximum r.p.m......... 220 brake horsepower at 1,870 r.p.m. 
Propeller.................-...... Direct drive L.H. tractor 
CAT OUMCLEI ee ae eaten eke Bristol Duplex, oil heated 
NCEURTONS ot poles pA wnobw oe clas oe Sere Dual 2 high tension magnetos 
Lubrication system............... Pressure 
Tachometer drive................ 4 engine r.p.m. 
IGYAIe SETA ie > ue p= Setarmee oe ee 500 pounds 
Rated consumptions: 

TROLS Noma pence iow) Gccahe a ace ace 13 gallons per hour 

(OTE eetiuat ech arte aucr watttine rte Retreat we ce 2 pints per hour 

CHAPTER 6 


THE LEBLOND “SIXTY”? ENGINE 


The LeBlond Sixty aircraft engine is a five-cylinder radial and has 
many interesting features in its design. Unlike other engines of this 
type, the cylinder heads are cast integral with the barrel instead of 
being of aluminum and separate. There are also several unusual 
features in the connecting rod design. The front of the engine is 
shown in Fig. 1, and the back in Fig. 2, while the sectional views 
in Fig. 3 show construction details in two planes. 

This engine has been designed both to secure simplicity and to permit 
the various units to be made up in individual assemblies. Each unit 
can, therefore, be properly assembled and inspected before it becomes 
a part of a complete engine. Nearly 90 per cent of the parts of the 
“sixty” are interchangeable with other LeBlond models. 

The small overall diameter reduces head resistance and increases 
visibility. And in this compact arrangement due regard has been 
given to accessibility. 

The assembly of a LeBlond Sixty engine starts with the crankcase 
assembly motinted upon the engine support. The crankshaft and 
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connecting-rod assembly is first inserted through the large opening 
at the front of the crankcase. This is most conveniently done when 
the crank axis is vertical. The link connecting rods can be placed 
opposite the respective openings for their cylinders, and then the 
crankcase cover assembly, which contains the ball thrust bearing, 
may be attached and -the crankshaft located endwise by the thrust- 


nae = 


Fig. 1.— Front of LeBlond ‘‘60”’ engine. 


bearing nut. Pistons and piston pins are attached to each connecting 
rod and everything is then ready for the individual cylinder assemblies. 
The gearcase is assembled as a unit from the rear, and after adjusting 
the push rods and timing the valves and magnetos, the gearcase cover 
is put in place, thus leaving only the carbureter, wiring manifold, 
and controls to be assembled before the engine is complete. This 
in brief covers the procedure of assembly and illustrates the extreme 
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simplicity of the design. Individual units such as the oil pump can 
be removed independently, and once an engine is assembled, the removal 
of the gearcase assembly, the crankshaft assembly, or both, does not 
require retiming the valves while putting the engine back together. 


Fig. 2.—Rear view of same engine. 


Crankshaft.—The single-throw crankshaft shown in Fig. 4 is drop- 
forged in one piece from nickel chromium steel. It is finish ground 
all over and counterbalanced by bronze weights which shoulder against 
two lugs on opposite sides of each crankcheek. These weights are 
located by screws which are permanently locked. 

The crankshaft is supported upon two ball bearings, the one for the 
front being assembled later as it is locked endwise in the crankcase 
cover to carry the propeller thrust. The inner race of each bearing is 
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Fig. 3.—Construction details of LeBlond 60” in two planes. 
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locked on the shaft by a nut, and shoulders against a ring spacer 
which provides sufficient room for ample fillets between the crankshaft 
journal and cheek. The bearings are lubricated by splash. 

For mounting the propeller hub, the crankshaft is provided with a 
tapered end in which there is a key slot and two tapped holes 
for the screws which retain the key. The shaft is hollow its entire 
length, the hole in the rear journal being made larger, and it is closed at 
the inner end by a Welch plug. The cam-drive shaft, which forms a 
part of the gearcase assembly, 
pilots into the end of the rear 
journal and is driven by the lugs 
which fit into the slot at the end 
of the crankshaft. These lugs. 
are off center so it is impossible 
to assemble either crankshaft or 
gearcase, except in the correct 
position, once the valve timing is 
adjusted. Oil enters the crank- 
shaft under pressure through the 
hollow cam-drive shaft. It then 
flows to the hollow crankpin by means of a hole drilled through the 
rear crankcheek. 

The crankpin is provided with three holes for feeding oil to the 
connecting-rod bearing. The two smaller holes near the ends of the 
crankpin are so located as to match each revolution, with holes in the rod 
bearing that lead to the link rod wristpins. All the oil being fed to 
the bearings must first pass through a specially cast aluminum oil plug 
which is regarded as one of the interesting features of the design. 
This plug is so arranged that any heavy particles of dirt in the oil, 
which are naturally thrown to the outside by centrifugal force, become 
permanently trapped and are thereby prevented from passing through 
the bearing. Undoubtedly, this is an important factor in the unusual 
long life of the connecting-rod bearing. The oil plug is held in position 
by a cotter pin and it can be quickly removed at any time for cleaning. 

Piston.—The piston is an aluminum alloy cast in permanent molds 
and heat treated. It has a full skirt and three rings above the piston pin, 
the lower ring functioning as an oil scraper. The piston pin is hollow, 
the outer surfdce being case hardened and lapped to exact dimensions. 


Fig. 4.—Single piece crankshaft. 
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In each end is pressed a duralumin plug to prevent the piston pin from 
scoring the cylinder walls. 

Connecting Rods.—Articulated type connecting rods of simple 
design are employed, as,in Fig. 5. The rods are made from nickel 
chromium steel drop forgings. The master connecting rod and cap 
have a full bearing upon the crankpin. The babbitt is applied directly 
to the steel and the two are bored to size. The cap is closely fitted 
to the master rod with a stepped joint and they are held together 
and doweled by four nickel steel 
bolts. These bolts also securely 
lock the wristpins in place, thus 
eliminating numerous small parts 
that are so frequently used. The 
bolts have thin square heads 
which rest against shoulders to 
prevent turning and they are 
made tight by long hexagon nuts 
locked by cotters. 

The link rods are interchange- 
able, and would be reversible if 
it were not for the necessity of 
placing the end which has the oil 
hole to the outside to permit 
splash lubrication of the bearing. 
The bronze bushings which are 
pressed into each end of the link rod and into the upper end of the 
master rod are alike. 

The wristpins are hollow, and the ends are closed by Welch plugs 
that are permanently secured by peening. . The half-round slots in the 
wristpins fit fairly close around the bolts, the undercut steps in the bolt 
being used in conjunction with drilled holes which line up with holes 
in the master rod and cap to supply oil under pressure to the interior 
of the hollow wristpins. Midway on the wristpin is a hole which leads 
oil to the link-rod bushing. All wristpins are interchangeable. The 
outer surface is case hardened, and exact dimensions together with a 
near-perfect finish are obtained by lapping. 

Crankcase.—The crankcase is a heat-treated aluminum casting 
of high tensile strength. It has a large opening in front through which 


Fic. 5.—Coverting rod assembly. 
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the crankshaft and connecting rods may be inserted as an assembly. 
This opening also serves.as a pilot for the crankcase cover, which is held 
in place by fifteen studs. A similar opening with ten studs at the rear 
permits attaching the gearcase assembly, and the hollow dowel through 
which the oil passes to the scavenging pump serves as a locater. 

The integral inlet manifold is a separately cored passage in the form 
of a ring with openings to receive the inlet pipes and one which connects 
with the carbureter through the crankcase oil sump. Hence, there are 
few joints which might possibly 
develop leaks, and the oil is 
cooled by the incoming gases. 

The wall central with this inlet 
manifold ring provides a support 
for the rear crankshaft bearing. 
The ball bearing is supported 
directly on a steel sleeve which 
is pressed into the crankcase and 
held in place by three counter- 
sunk headscrews permanently 
locked from turning. 

Cast-iron bushings with holes 
ground to close limits are pressed 
into the crankcase to serve as Fic. 6.—Crankcase assembly. 
guides for the camfollowers. 

These camfollowers are in the same ‘transverse plane, this being made 
possible by the use of the single cam ring. 

The camfollowers are made from an alloy steel heat treated to give 
both hardness and toughness. The followers are drilled for lightness 
and receive at the outer ends a push-rod ball socket which is pressed into 
place. A special lock screw serves to keep the follower from turning 
about its axis and prevents any possibility of it dropping out when the 
push rods are not in place. At the inner end of the camfollower is a 
slot to guide the hardened roller and a half-round bearing for its two 
small journals. The safety wire is merely to insure that the roller will 
not drop out of place when it is not in contact with the cam as 
in assembly. 

On the lower side of the crankcase, the finished pad with its studs 
provides a means of attaching the oil sump. Excess oil drains into 
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this sump from the crankcase both front and rear, and from there the 
oil is drawn through the hollow dowel, locating the oil sump, as it is 
being returned to the scavenging pump. 

The crankcase and the parts which go to make up the assembly 
are shown in Fig. 6. All studs are made from alloy steel, and the threads 
are held to close limits to insure good fits. 

Crankcase Cover Assembly.—The opening at the front of the crank- 
case is closed by a forged duralumin cover which is heat treated to 
obtain high tensile strength. This cover pilots into the crankcase and 
is held in place by fifteen studs. 

The front crankshaft ball bearing is supported by the cover in a steel 
sleeve. This bearing is held endwise on the outer ball race to locate 
the crankshaft and to carry the thrust load of the propeller. Between 
the bearing and the crankshaft nut is an oil thrower which together with 
threads in the front of the crankcase cover prevents oil seepage to the 
outside. The nut on the crankshaft which screws up against the inner 
race of the ball bearing is locked 
from turning by the propeller 
hub key since it extends into one 
of the turning slots on the nut. 

On the front of the crankcase 
cover is a name plate and four 
studs which are to be used for 
attaching a support for the for- 
ward end of the cowling. 

Cylinders.—The cylinders are 
cast in single units, with cooling 
fins integral, from a high grade 
of nickel iron as in Fig. 7. Each 
cylinder is held to the crank- 
case by eight studs which pass 
through the holddown flange. 
The inner end of the cylinder 
barrel extends into the crankcase a distance sufficient to prevent 
over-oiling of the lower cylinders. 

The combustion chamber is spherical in shape and provides seats-for 
the interchangeable inlet and exhaust valves which are inclined at an 
angle of 30 degrees to the cylinder axis. 


Fig. 7.—A complete cylinder. 
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The valves are silchrome steel with 45-degree seats. Removable 
valve guides are pressed into the cylinder. The interchangeable 
valve springs are of the volute ribbon type holding about 60 pounds at 
the open valve position. Each valve is held by a split-retainer seating 
with a taper in the valve-spring collar, and a wire safety clip circles the 
valve stem. below the collar to prevent the valve from dropping into the 
cylinder. 

Two spark-plugs are provided. The inlet and exhaust valve ports 
face the rear, thus making it easy to attach an exhaust collector ring. 

Threaded sleeves are screwed into each port and protrude sufficiently 
to receive an annular packing nut. The inlet pipe need not be disturbed 
while removing a cylinder. The valve rockers are pressed on to the 
squared ends of the rocker shafts which are supported in bronze bushings 
pressed into the cylinder. Lubrication of these bushings as well as the 
enclosed valve parts is accomplished through a fitting from the outside. 

Propeller Hub.—The propeller hub (Fig. 8) is driven through a key 
on the tapered end of the crankshaft. A special nut with holes for a 
turning bar draws the hub up tightly on 
the taper. At the outer end of the hub is 
a puller nut against which the back face 
of the flange on the propeller hub nut 
bears when removing the hub from the 
crankshaft. These two nuts are provided 
with means for locking against turning 
when the hub is once in place. The pro- 
peller hub flange pilots on the front of 
the hub and the propeller pilots on both 
hub and flange and is held between the 
two by six special bolts and nuts. 

Gearcase.—The gearcase is assembled as a unit before it is incorpo- 
rated into the final assembly of the engine (Fig. 9). The case itself 
is an aluminum casting, having a round flange and pilot where it attaches 
to the crankcase. In the central wall are two bosses, each receiving 
bronze shoulder bushings pressed in from the ends. On top is a pad 
for supporting the magneto drive shaft housing, and in line with it at 
each side is a bracket for supporting a magneto. Below is a flange for 
attaching the oil pump, the cylindrical opening the case in serving as the 
outer housing for the oil pump when the latter is in place. Sufficient 


Fia. 8.—The propeller hub. 
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space is provided for assembly and adjustments by the opening at the 
rear. 

The central! boss supports the cam-drive shaft. Oil enters the interior 
of this shaft through a hole which is in line with the space between the 
ends of the bushings, and it passes directly through into the end of the 
crankshaft. It has already been explained that the end of the cam- 
drive shaft pilots into the end of the crankshaft and the two off-set lugs 
engage with the slot as a means of drive. The three-lobed cam is 
provided with a bronze bushing since it floats on the cam-drive shaft. 


Fic. 9 —Gearcase assembly with magnetos. 


Oil is fed directly to the bushing through holes in the wall of the cam 
drive shaft. The cam ring operates all valves and when the gearcase 
is in place these cams are in line with the camfollower rollers. At the 
rear end of the cam-drive shaft is a spiral gear driven through a key. 
This spiral gear drives at half engine speed another spiral gear which 
pilots on the hub of the cam timing flange. The latter is keyed to the 
idler shaft and driven by four special screws which set the valve timing 
through the selection of a differential series of holes in the two pieces. 
When the timing is set, the hub of this flange is clamped against a 
hardened washer which rests against a shoulder on the idler shaft and 
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also takes the gear thrust on the flange of the bronze bushing in the 
gearcase. The clamping is done by a special nut provided with a drive 
for a tachometer cable. At the opposite end of the idler shaft is a gear 
meshing with the gear which is an integral part of the cam. The idler 
shaft bushings are lubricated by a pressure line in communication with 
the annular space between the cam drive shaft bushings. Above and 
at right angles to the cam drive shaft lies the magneto drive shaft. 

Gearcase Cover.—The cast aluminum cover which closes the opening 
at the rear of the gearcase is located by two dowels and held in place 
by eight studs. In addition to the three long studs in the gearcase, 
three other studs are fixed in the cover to permit either the mounting 
of an electric starter or the cover which closes the opening central with 
the crank axis. 

In line with the idler shaft axis, a special stud is screwed and locked 
in the gearcase cover to provide a means of attaching a standard tachom- 
eter connection. The breather, which is cast integral with the cover, 
has baffles to retain oil spray and a conical screen at the outside opening 
to keep out dirt. 

Oil Pump.—The oil pump is built up of three main units: a lower body, 
an upper body, and a plate. In the upper body are the pressure gears, 
the driver being integral with the oil pump shaft at whose upper end is 
mounted a spiral gear which meshes with the large half engine speed 
gear. The idler pressure gear is bronze and it turns about a bolt which 
is used to tie the pump together. Oil enters the pressure pump through 
an opening in the plate and lower pump body. As it leaves the pressure 
pump, the oil must pass through a cylindrical screen of fine mesh, 
which is held between the upper body and plate. Once through the 
screen, the oil can enter the drilled openings in the gearcase which lead 
to the bearings or to the pressure relief valve. 

Below the plate in the lower housing are the wider gears for scavenging. 
The driver is steel and it fits over a square on the drive shaft. The 
driven gear is bronze and it centers on the same tie bolt as the pressure 
driven gear above. Oil enters the cylindrical opening in the gearcase 
surrounding the pump through the hollow dowel which is used to 
locate the gearcase. It must pass through a coarse mesh brass screen 
before entering the gears. 

The pressure and scavenging oil connections for the lines to the outside 
oil tank arealike. A hollowstud draws the bronze connection up against 
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the lower body, a copper asbestos being used above and below. These 
connections may be turned in any convenient position for the oil lines. 

Excess oil from the pressure pump passes through a relief valve and 
re-enters the inlet side of the gears. The desired oil pressure may be 
obtained by screwing in ér out the adjuster located at the lower rear 
of the lower pump body. The adjuster guides the relief valve, the 
latter being hollow to Serve as a guide for the coil spring. The two 
oil connections, studs, the adjuster, as well as the two long screws, 
which help hold the three sections of the pump in a single unit, are all 
safetied by lock wires. 


SPECIFICATIONS 
WO del Rarer iiss marys ox Re Aen dain nee 5-D 
Manutacturen sire bing 0s pein ei ee 60 horsepower at 1,900 r.p.m. 
INGO OMON AEC! TENN So cccirse ose cores ob) OoH ote < 65 horsepower at 1,950 r.p.m. 
Number and arrangement of cylinder....... Five-radial 
(Ooliin OR Bree, Sian oe, cere her gee twee te ae aie Air 
BORG Aerie ence: ele ee ap bine ten, SE Cee 4.125 inches 
Siro Kener aes tacos War hecioe Nae ae tn aca en 3.750 inches 
Total piston displacement................. 250.58 cubic inches 
Compression volume ratio................. 5.4221 
Oversili diam eens ene ee meee 3234 inches 
Overall len gthinosc. Ogee eee cae ae 2214 inches 
Dry weight, complete.................... 222 pounds 
Crankshaft: 
Journal diameter....................... 1.9684 inches 
Crankpin diameter..................... 1.750 inches 
Propeller Hub: 
Py Glenna te Fe, 3c. RN pl oie ch Oe a ees Taper, key and nut 
Dimensions—Body diameter............ 2.689 inches 
Between flanges...................... 4.0625 inches 
Diameter bolticixclesweaneea ee ~ 4.625 inches 
INAETTD ETE ONS, kos do dnc noses auaesac Six 
Diametersbolts. 1s te ae eee .437 inches 
Valve tappet clearance—cold............ 0.015 inch 
Valve tappet clesrance——hot. (0.5 secon 0.035 inch 


Designed Timing Engine (hot): 


Inlet open. ana ont en pee eee 0° 
Inlet: Closed)..." 9.4.70 oe ee 60° late 
Exhaust Open. 3.01.5.) eee ee ae OO early 


Exhaust closed 


ee O° 
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Gam: 

TEA eYshius 2A acces ABN < pele. ata ae eee eee Single ring—three lobes 

SDeCdieere a ee en Meee te Sena ane 4,5 One-sixth crankshaft speed 

Directions ol rOtatiOnerene anes. eer Same as crankshaft 
Carbureter: 

NTA iis, create ee meer Rae ecsi gs es Stromberg 

MOG ele ee ree et en ee etic ort ote, tad NA—R3 

Altitude mixture control means.......... Main jet needle control 

NITE tC Tee eer SDeClalrequipment 
Ignition: 

HSC erc ere RE oe aan Ser atse sre tue Dual—magneto 

IN cet Senter ae nee nest ee et edt gs Scintilla 

INO ele ae bh ieee anit ce aoe PN—5D 

Speedwol rotator stee an = ots a teee cae 144 crankshaft 

Sparks Gimin porgan nang miter sera aes. t Fixed—25° advance 
Lubrication: 

tia OY tins eet G ate re eases ont 4 ons nee coe ears has Full pressure, dry sump 

OPN joss baa ode an ee omer mio tame a of Gear type—1 pressure 

1 scavenging 

Speed of oil PUMP cee. eas - ee Le crankshaft speed 

Oil flow at 2,000 r.p.m.................. 8 pounds per minute 

Oiliconsump tomer ie eee eer 0.013 pounds per horsepower- 


hour 


CHAPTER 7 
THE VELIE M-5 ENGINE 


The Velie five-cylinder engine is of the air-cooled radial type, as 
shown in Figs. 1 and 2, the small size being designed to develop 54 
horsepower at 1,800 r.p.m. and 62 horsepower at 2,000 r.p.m. The 
engine has a two-piece crankshaft supported on three ball bearings and a 
solid master connecting rod. The main crankcase is in one piece and 
has the lugs for mounting integral with it. The gearcase cover carries 
the magneto, oil pump, and tachometer drive. The crankshaft and 
rod assembly is shown in Fig. 3. The main rod is babbitt bushed 
while the small, or link rods, have bronze bushings at both ends. The 
cylinders are of nickel steel castings with the fins cast in place and the 
heads are of aluminum alloy, shrunk into place. The valves seat on an 
aluminum bronze bushing. A sectional view of the engine is seen in 
Fig. 4. Thé essential dimensions and other information follow: 
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Propeller Grivesio ay nvcs a acute Direct 
Ra tvedahepenaeent SCAnLe Veleme ire stele tabaerieaeit 54-1, 800 
Maximum horsepower and r.p.m. at sea level... 62-2,000 
Weight dry without hub or starter........... 225 
Weight per rated horsepower........ ie ree, 3.63 
Borerandistrokesinc¢ hes ia ae a eee 4le xX 334 
Compression ratio....... ee ibe ae a ie 5.2 
Displacement, cubic inches.................. 250.6 
Diameter of Oumtin gaa eee ete es eee 1234 
Height or overall diameter, inches.. ......... 32 
Beneth without) starter, sinches.. 05.41... 6 27 
Fuel consumption at rated horsepower LB- 

FUPSEIR Ss pOUnGSareeey ee mene es oan aes 0.55 
Oil consumption LB-HB-HR, pounds......... 0.025 
Wallv.enmechamismnysay ee eyeae arcsec oe Push rods and rocker arms 
Intake valves per cylinder.................. 1 
Exhaust valves per cylinder,................ l 


Fia. 1.—Front end of Velie five-cylinder engine. 
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r Fre, 3.—Crankshaft and rod assembly. 
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Two oil pumps are used in the force-feed lubricating system. The 
outer or pressure pump draws oil from the supply tank and delivers it 
under pressure to all gear shaft bearings, and through the drilled crank- 
shaft to the master connecting rod and small rod bearings in the main 
rod. Piston pins, cylindér walls, and crankshaft ball bearings are 
lubricated by oil sprayed from the master connecting and small rod 


On 
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Fie. 4.—Section view of Velie engine. 


bearings. Excess oil drains into a sump, with fins on the outside for 
cooling, and this oil is returned to the supply tank by the inner or 
scavenging pump. Oil pressure is regulated by a relief valve in the 
pressure pump and should never drop below 60 pounds when engine is 
running at top speed. Oil temperature in the sump, as shown on the 
dash, should run between 110 and 150° F. and never exceed 180° F 
Rocker arms require grease after every 5 hours of running. 
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CARE OF VELIE ENGINES 


To secure long life and satisfactory service the makers recommend 
inspection and servicing of the engine after 5 hours of flying. The fol- 
lowing suggestions will aid in making such inspections. 


Remove and clean all spark plugs and at the same time check each 
electrode gap. Electrode gap should be the same on all spark plugs and 
set 0.018 to 0.020 inches on AC plugs and 0.015 on B.G. plugs. 

Check tappet clearance. Set to 0.015 when engine is cold. 

Grease rocker arms. 

Oil magnetos with a good medium body oil. At the front end: 30 to 40 
drops; at the back end about 10 drops. Keep the opening of the contact 
points at 0.012 inch. Keep the contact points clean of dirt and oil. Do not 
file points unless absolutely necessary due to excessive pitting. Never use 
emery cloth. 

-- Never Accelerate Engine Until It Has Been Warmed Up Thoroughly.— 
When the engine is started, it should be run for at Jeast 5 minutes at closed 
throttle and then gradually open throttle to thoroughly warm the engine 
before taking off. 

The proper way to stop the engine is to shut off the gasoline supply and 
let the engine die out from the charge in the carbureter bowl. If it is 
inconvenient to do so, it is advisable to let the engine idle for 5 minutes or 
so before cutting the switch. This will not only give the valves a chance to 
cool down, but also distribute oil through the inside of engine so as to have 
the parts well lubricated for the next start. 

More airplane engines are harmed through neglect of these perfectly sim- 
ple rules than any other cause. Improper stopping is the greatest source of 
valve trouble in aviation engines. 

Check all nuts for tightness except on cylinder head bolts. 

Never Disturb Cylinder Head Bolt Nuts.—The cylinder heads are 
shrunk and bolted on with the proper tension in the shop and are not 
removable. 

Disassembling the Engine.—To disassemble the engine for inspection or 
repairs proceed as follows. This should not be attempted by anyone except 
an experienced mechanic. 

(SprctaL Nors.) Do not attempt to remove cylinder heads from 
cylinders. 

1. Place engine on suitable stand with propeller or front end down. 
2. Remove exhaust ring. 

3. Remove push rods. 

4. Remove earbureter adapter and oil sump. 
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5. Remove spark plugs and pull cylinders after removing nuts from 
cylinder and intake flanges. Do not disturb rubber intake tubes unless 
they are to be replaced. 

6. Push or tap out piston pins and remove pistons. 

7, Remove magnetos, gmagneto couplings, and oil pump. Then the 
gearcase cover. (NOTE. Gearcase, gearcase cover, magnetos and oil 
pump can be removed as an assembly if no work is to be done on them.) 

8. Remove gearcase assembly. Remove valve lifters and roller if 
desired. 


Fie. 5._-Removing crankshaft and connecting rods. 


9. Turn engine over with propeller or front end up. 

10. Remove propeller hub key, front thrust-bearing cover, front bearing 
nut and oil sling. Now pull the crankcase cover. 

11. The crankshaft and master-rod assembly can now be removed. First 
raise the assembly until the rear ball bearing is out of its sleeve. Then 
rotate crank until Nos. 1, 2, and 5 rods can be inserted into No. 1 cylinder 
opening. Now move whole assembly over until No. 4 rod will tip through 
front opening and then lift out the assembly. (See Fig. 5.) 

12. To remove connecting rod assembly, take out clamp bolt in crank- 


shaft rear half and tap off from crankpin. The rod assembly is now free 
to come off. 
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13. To remove connecting rod links from master rod, remove wristpin 
lock screws in master-rod flange and tap out wristpin. This should not be 
necessary until after at least 250 hours and should not be disturbed then 
unless bearings show excessive looseness. 

14. The gearcase assembly should not be disturbed unless gears are 
damaged or bearings show looseness. If gear shafts or bushings are renewed 
it should be seen that they have a free running fit and from four to six 
thousandths end clearance. 


ASSEMBLING THE ENGINE 


Before assembling the engine, clean all parts thoroughly with gasoline 
and scrape off carbon from top of pistons and inside cylinder heads. 


STARTER 
* JAW 


TIMING FLANGE 


TIMING FLANGE 
SCREW 


Fic. 6.—Timing gears and starter clutch. 


To assemble engine, reverse operations used in disassembling. Oil all 
moving parts before they are assembled to engine. Be sure that all nuts 
and screws are tight and see that cotter pins, lock washers, and safety wires 
are not missing, 
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Valve Timing.—To time the valves proceed as follows: 

First rotate crank until No. 1 piston is at top dead center, This can be 
observed through the spark-plug hole. The propeller hub key will now be 
in line with center line of No. 1 cylinders. Now, with gearcase cover 
removed, remove the four screws in the gear timing flange (see Fig. 6) and 
rotate flange until No. 1 exhaust valve is closed and valve lifter is on low 
point of cam. Now set-tappet clearance on No. 1 exhaust valve to (0.035 
inch). Then rotate timing flange anticlockwise until No. 1 exhaust valve 
just closes. Now replace four screws in holes in flange that match up with 
holes in gear and secure with safety wire. After all tappets are set with 
fifteen-thousandths clearance the valves are properly timed. 

Ignition Timing.—Engine fires 1-3-5-2-4. 

Engine is timed to fire 30 degrees ahead of center or when propeller hub 
key is in line with a point 31 inches ahead of center line of No. 1 cylinder 
when measured on the outside of front cover flange. 

To time magnetos proceed as follows: 

Turn engine in direction of rotation until No. 1 piston is coming up on 
compression and stop when crank is 30 degrees ahead of top dead center. 
Loosen the three nuts on the magneto coupling. Remove distributor blocks. 
Turn magneto until marks’ on large distributor gear coincide with marks 
on front end plate. Now tighten the three nuts on magneto coupling. 
The magneto is now timed. 

‘Cable Connections.—The cable connections from the distributor blocks 
to the spark plugs are as follows: 

Number 1 cable from magneto block connects to spark plug in No. 1 
cylinder, No. 2 cable to spark plug in No. 3 cylinder, No. 3 cable to spark 
plug in No. 5 cylinder, No. 4 cable to spark plug in No. 2 cylinder, and 
No. 5 cable to spark plug in No. 4 cylinder. 


Before attempting to start engine be sure that grownd wires are securely 
connected, 


CHAPTER 8 
THE WARNER SCARAB ENGINE 


The Scarab engine is a seven-cylinder radial built by the Warner 
Aircraft Corporation, Detroit, Mich. It is rated at 110 horsepower 
at 1,850 r.p.m., the front or propeller end being shown in Fig. 1. The 
crankcase is of aluminum in two parts (Fig. 2), held together by through 
bolts and also by the bolts in the cylinder flanges. The cylinder num- 
bers are cast on the front half of the case (Fig. 1), which shows No. 1 
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at the top and the numbers running counter-clockwise, from the pro- 
peller end, as the engine runs. 


Fra. 2.—Both halves of crankcase. 


The ball-bearing crankshaft is shown in Fig. 3 with the bronze counter- 
weights in place. The connecting rod is of the split type with one 
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small rod each side of the main rod. The cap carries four small rods. 
Both ends of each small rod pin bear in bronze bushings in the flanges 
of the main rod and cap. The piston ends of the rods are also bronze 
bushed. The main bearirg on the crankpin is of babbitt. See Fig. 8. 

The cylinder barrels are of alloy steel with a cylinder head of aluminum 
alloy shrunk in place ‘and bolted the cylinder barrel. Valve guides 
and bronze valve seats are shrunk into the cylinder head. Rocker- 
arm housings are separate aluminum castings bolted to the cylinder 
head. The rocker arms of the 1928 engines have bronze bearings, 
but ball bearings are used in the 1929 model. 


Fig. 3.—Solid one-piece, ball bearing crankshaft. 


The cam ring is drop forged of alloy steel, case hardened on all wearing 
surfaces. Intake and exhaust surfaces are side by side, and revolve at 
one-eighth crankshaft speed. A pressure pump delivers oil to all 
plain bearings. The oil forced out of these bearings lubricates all 
other moving parts and collects at the bottom of the crankcase, from 
which it is drawn by a scavenger pump and delivered to the oil tank 
through a strainer. The gearcase carries two magneto drives which 
are arranged to permit the mounting of a starter between them. 


GENERAL SPECIFICATIONS 


BIRY DO pct es due At ahe os, gh Oa ae Static, radial, air cooled 
Number of cylinders................. 7 

Cycles arte tiv tiie xt 1s cs ee ee ee 4 

Bore 


do ee 414 inches 
kia Gace ean age sucay, Vee AEN a 414 inches 
ISLONUCIsplacenen lle at eee ae ane 422 cubic inches 
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@ompression ratiow...<........0.-...- 5.251 
Nonmalaspee dads aise rss erecta: 1,850 r.p.m. 
Rated power at 1,850 r.p.m........... 110 horsepower 
Direction of rotation of crankshaft 
(looking at propeller end)........... Anticlockwise 
Tachometer shaft speed............... 1g crankshaft 
Rotation of tachometer shaft (looking 
(ARGROGI A KM HONG cur wa gitkd eho mon a taolee Anticlockwise 
Weight dry without hub or starter..... 275 pounds 
Speci nweighttame ss caviar ail 2.5 pounds per rated horsepower 
TeTt LOD een cect eee ae r. Dual scintilla M N 7—D clockwise 
Magneto timing (full advanced)....... SVL Ves, Abs AC), 
Magneto breaker gap................. 0.012 inch 
Ganburetlonmeapereener bee no eee = she Stromberg single barrel 2-inch 
carbureter 
ShypPs UTA ys voodoo oe eo boop soce- A. C. Aviation 18 MM—1.5 MM 
Pitch thread) 
Spark=plug eae ts. sere hese ee eG 0.021 inch 
Guaranteed fuel consumption at rated 
DOW CE Mee Wen ace ls as als ey 0.55 pounds per horsepower-hour 
Guaranteed oil consumption at rated 
JOON ASE oie wore Hate bi lowed ain cre 0.025 pounds per horsepower-hour 
Valve-tappet clearance, when cold...... 0.010 inch 
Valve-tappet clearance, when timing... 0.027 inch 
Valve timing (at 0.027 tappet): 
Inlet opens:........ Se nee LO mB Sele Ce 
Inlet closes. . ses RR MRL Gy haere 
Meee Gens he eA once HOY” 183, 1B (Ci 
Exhaust closes........ (IO? ANG WS Ce 
ie atarion Dinensons 
Overall length without starter......... 29 inches 
Overall diameter: 
TIO Pies NTSISED asc cin 6 han ei os an oe oe 3516 inches 
1ODOSeries meee ene! ocd oa 3614 inches 
Distance from mounting to C. L. of 
Gylimdlensi eect cr: ...:...-. 62965 inches 
Distance fron MOURNE “ie rearmost 
| 6 eR aN oO a te Ng ae RON 9194» inches 
Diameter of mounting bolt circle....... 17 inches 
IMO UIbIn ge DOLUSmer ee eitre cs tein rer 10-546 S. A. B. 
Oil lines to tank..........--+0 +e eee 5¢ inch O. D. tubing 


GasolinevlUaneshetnr rien nate selenite came 54¢ or 3¢ inch O D. tubing 


228 THE AIRCRAFT HANDBOOK 


INSTALLATION 


The engine is shipped bolted to a steel plate. Before the engine is 
mounted in the plane inspect the bolt bosses on the mounting ring for 
flatness. Where a detachable engine mount is used this can be easily 
done by laying it on a surface plate. Variation in flatness of over 464 
may be taken up using wood-veneer washers. All of the ten mounting 
bolts should be used. They are of alloy steel and ordinary bolts must 
not be used. 

The engine is equipped with a 2-inch Stromberg carbureter. A 
strainer should be placed between fuel tank and carbureter. There 
should be a minimum fuel head of 20 inches between the bottom of the 
tank and the carbureter when plane is standing on the ground. Only 
gasoline hose that corresponds to Air Corps specifications would be 
used. All fuel and oil lines should be of seamless copper tubing, heated 
and quenched after bending. 

The oil tank should have a capacity of approximately 5 gallons and 
should be located near the éngine so that its lowest point is slightly above 
the oil pump when plane is standing. <A 5¢-inch 18-thread tapped hole 
should be provided in the oil-tank wall, close to the bottom, for thermom- 
eter connection. If, however, no thermometer is placed in the tank, 
one should be installed in the oil-sump housing cover next to the earbu- 
reter, in place of the oil-drain plug. The thermometer should have 
a range of from 100 to 220° F. 

When the oil tank is full it should have an air space of about 20 per 
cent of its volume. In other words, a 5-gallon tank should never 
contain more than 4 gallons of oil. 

Ignition is provided by two Scintilla aircraft magnetos. Where a 
booster magneto or booster coil is used for starting, a 7 mm high- 
tension wire should be used to make connection from it to the trailing 
terminal marked “H”’ on either one of the two magnetos. 

Never turn the propeller when there is gasoline in the carbureter, unless 
all magnetos are grounded. The ignition switch must be “off” and all 
ground wires must be tightly connected to the terminals. This is the only 
sure safeguard against accidental starting of the engine. 
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INSPECTION 
Arter Five Hours or FLyIneG 


Grease rocker-arm shafts by means of the grease gun, with plain cup 
grease of good quality. 

On engines with plain rocker arms, grease ball ends of push rods, after 
removing rocker-arm housing covers, with a mixture of grease and graphite 
or with Dixon’s No. 677 Graphite Grease. On engines with ball-bearing 
rocker arms, the push-rod ball end is greased simultaneously with the 
rocker-arm bearing through the Alemite fitting and does not need special 
attention. 

Check tappet clearances, which should be 0.010 inch for the intake and 
exhaust valves when the engine is cold. Proceed as follows: Turn the 
propeller forward until the intake valve on cylinder 1 closes, then turn pro- 
peller an additional 120 degrees (one-third of a full turn), which brings 
the piston to top center. Insert the feelers between the valve stem and the 
rocker-arm roller, for measuring. Make adjustment if the clearance is 
found to be below 0.010 or above 0.012 inch. On an engine of the 1928 
series, adjustment is made by loosening the clamp screw in the rocker 
arm and by turning the ball socket with a screwdriver. Do not forget to 
tighten the clamp screw after adjusting: On the 1929 series, the clamp 
screw is replaced by a locknut on top of the ball socket. When cylinder 1 
has been adjusted, turn the propeller forward 120 degrees beyond the 
closing of intake valve on cylinder 2, then check the clearance of this 
cylinder. Continue this procedure all around until all tappets are checked 
and adjusted. There are four cams on each cam ring surface with four low 
base surfaces between them. If in checking cylinder 1 it should be found 
that the clearance is considerably more than that specified on both valves, 
it is advisable to turn the propeller exactly two full turns forward, which 
brings the next cam base into action. Check the tappet clearance again. 
By repeating this operation three times the cam base having the least tappet 
clearance will be found, and this base should be used to check the clearance 
of the tappet on all other cylinders when proceeding as indicated above. 


Arrer Firrpen Hours oF FLYING 


Drain oil by opening the petcock or plug at the bottom of oil tank and by 
removing the drain plug at the bottom of the engine. The tank and the 
engine may be flushed with clean light oil if grit is found in the old oil. 

Remove oil screen at the left side of the engine, by unscrewing the acorn 
nut and pulling out the cover with the screen. Wash it in clean gasoline 
but do not replace it in the engine before it is completely dry. 
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Fill oil tank 80 per cent full with approximately 4 gallons of oil of the qual- 
ity specified in “Starting and Operation,” after the screen and all the 
plugs have been replaced and have been secured with lock wire wherever 
provision is made for it. 

Clean gasoline strainer if one is installed, making sure not to trap any air 
in the strainer. Open the gasoline petcock and then close strainer tightly 
after it has been observed that gasoline is leaking out of the strainer. 

Oil the magnetos especially on the drive end, with a good grade of light 
engine oil; at the same time oil all the moving joints of the spark, mixture, 
and throttle controls. 

Tighten all the nuts and bolts, immediately replacing cotter pins and 
lock wires when they have been removed for any purpose. Great care 
should be taken not to forget the propeller hub bolt nuts if a wooden propeller 
is used, the thrust cover nuts behind the propeller hub, all the nuts in the 
rear of the engine, and the mounting bolt nuts. The intake pipes are made 
from aluminum; therefore, the bolts or nuts holding them to the cylinders 
should not be tightened excessively, as this will deform the flanges and cause 
leaks. 

Check throttle, mixture, and spark controls, making sure that the full 
movement of the controls in the cockpit corresponds to the full movement 
of the controls at the engine. Adjustments may be necessary where wires 
and springs are used to make the control connections. 

Check the ground wire and switch-wire connections at the engine and 
at the switch. It is very important to see that these connections are tight 
and that there are no breaks in the wires. This is to prevent accidental 
starting of the engine should the propeller be turned while the ship is 
standing on the ground with the ignition switch set to ‘‘Off.”’ 

Check all high-tension wires, to be certain that they are not being chafed 
anywhere by sharp edges. 

Examine all spark plugs for cracks in the insulation. These are usually 
caused by rain. Wipe the insulation clean, but do not remove plugs unless 
there are indications that they are not functioning properly. 

Inspect valve gear in regard to springs, rocker arms, etc. The rocker arms 
and the rollers at their ends must move freely and show no signs of sticking. 


Top OvERHAUL 


By top overhaul is meant the grinding of valves and the making of neces- 
sary adjustments on the cylinders. If an engine has been properly taken 


care of, this should not be necessary before 100 to 150 hours or more of 
flying. 
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The need for a top overhaul is usually indicated by the inability to get the 
required engine speed on the ground with full open throttle. It will be 
found that the propeller speed will vary with the air temperature and the 
barometric pressure; but a drop in speed of more than 100 r.p.m. may be 
taken as an indication of the need of a top overhaul. 

Before testing the ground speed for the purpose of determining the neces- 
sity of a top overhaul, make the following checks and adjustments. Be 
sure that the mixture control lever on the carbureter is in the full-rich 
position when the control lever in the cockpit is in the corresponding position. 
Check the spark advance lever on the magnetos in the same way. With 
the feeler gage, check the magneto breaker gap, which should be 0.012 
inches, and at the same time check the valve and magneto timing, in accord- 
ance with instructions given under ‘“‘Complete Overhaul.’ Be sure that 
the fuel flow to the carbureter is not obstructed. If the oil pressure is 
below 60 pounds per square inch at 1,800 r.p.m., inspect the relief valve 
to see that it is clean and free from 
burrs. Replace the valve spring 
with a new one, if necessary. The 
relief valve is located in the rear of 
the engine, just below, and to the 
right of the oil pump, and it can 
be screwed out after removing the 
lock wire. 

Disassembling.—A top overhaul 
can readily be made without dis- 
mounting the engine from the 
plane, with the tools found in the 
tool kit furnished with each engine. 
After removing the propeller, the 
cowling and the exhaust pipes, 
clean the outside of the engine with 
gasoline. On account of the fire hazard, do not attempt to wash the engine 
before it has thoroughly cooled off. 

Remove the rocker arm socket and pull out the push rod. Then apply 
the valve-supporting tool through the spark-plug hole, and depress the 
springs with the tool shown in Fig. 4, thereby unlocking the spring washer. 

During the following disassembling, be careful not to let dirt or washers, 
etc., fall into the engine, as this may cause serious damage. 

If new gaskets are not available, be careful in removing the old ones, and 
immediately place them between two wooden covers, to prevent their 
drying and cracking. Disconnect all ignition cables from the spark plugs 
and pull them through the rubber rings with which they are held to the push- 


ae 


Fic. 4.—Replace the valve springs. 
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rod tubes. To facilitate reassembling, mark each cable as it is taken off 
the cylinder. Remove all spark plugs and rocker-box covers. Unscrew 
the two capscrews or nuts with which each intake pipe is attached to the 
cylinder, and remove all iatake pipes. The cylinders are detached by 
unscrewing the eight nuts nearest the crankcase pad, with tool No. FA-33. 
The two rear nuts are the most difficult to reach and should be removed first. 
Under no circumstances should the nuts be removed at the joint between the 
cylinder barrel and the cylinder head, as this is a permanent joint. 

Remove the cylinders, push rods, and push-rod tubes from the engine in 
numerical order, beginning with cylinder 1. The master rod is assembled 
into this cylinder. In performing 
this operation, great care must be 
taken that the pistons do not drop 
against the crankcase and become 
marred or dented. As each cylin- 
der is taken off, push out the piston 
pin immediately and remove the 
piston. All parts so dismantled 
from the engine should be laid on 
a clean bench in the order in which 
they are removed. 

While overhauling the cylinders, 
wrap a piece of cloth around the 
engine for protection against dust 
and dirt. 

On the 1928 series of engines, the 
rocker arms should be removed 
' Fia. 5.—Removing the valve springs.  2€Xt; but the rocker boxes should 

be left attached to the cylinders. 
Before removing the arms, they should be checked for play, and where this is 
found to be excessive, they should be replaced by new arms. The old arms 
may be returned to our factory for rebushing and reaming. On the 1929 
series, it is not necessary, nor is it desirable, to remove the rocker arms in 
order to grind the valves, and they should be taken apart only when some 
part is damaged or broken. It should be determined which valves are 
leaking and need grinding. This is done by pouring gasoline into the valve 
port. 

To remove the valves which leak, place the cylinder over a smooth 
wooden block. This block should be 41¢ inches in diameter, 9 inches high, 
and rounded at its upper end, to fit, approximately, the.cylinder dome. 
It is best to have the block attached to a wooden base, so that it stands 
upright on the work bench. This block.serves to hold the valves closed 
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while the springs are being removed. Depress the valve springs with tool, 
as illustrated in Fig. 5. Remove the split cone, the valve washers, and the 
springs; then take off the circlet which is snapped into a groove in the valve 
stem. This circlet must be removed and assembled from the side and it 
should never be pulled over the end of the valve. To avoid damaging the 
valve guide when pulling out the valve, inspect the stem end for burrs. 
If any are found they must be removed. 

Reconditioning and Valve Grinding.—After both valves have been 
removed, scrape off all carbon from the cylinder dome and from the valves, 
being careful not to mar or scratch the valve seats and the valve stem. 


Fig. 6.—Grinding the valves. 


The carbon should also be scraped off the top surface of the piston, which 
should afterward be laid on a surface plate and smoothed with a piece of 
kerosene-soaked crocus cloth. Inspect the piston for cracks and check the 
piston pin for proper fit in both the piston and connecting rod. Check the 
piston rings for gap and side clearance in the grooves, according to the table 
of clearances given on page 245. 

If there are any sharp edges or scratches on the pistons or in the cylinder- 
wall surfaces, they should be carefully removed by stoning with a fine grade 
oil stone. Inspect to determine whether all push-rod ball ends are tight 
on the rods. 

To grind the valves, spread a small amount of grinding compound all 
around the seat of the valve, insert the valve in place and grind with tool 
as in Fig. 6. Repeat this operation until a good seat is obtained, then wash 
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the valves and cylinder carefully with gasoline, so that no trace of grinding 
compound remains. 

A simple and handy fixture for holding the cylinder, while grinding the 
valves or cutting the valve seats, is a 6- by 12-inch steel plate, 3g inches thick, 
with a 44-inch diameter thole near one end. The cylinder should be 
attached to this plate with two 57. inch diameter bolts holding the cylinder 
flange to the plate; the other end of the plate should be clamped in a vise. 

Assembling.— Before assembling, be sure that all parts are absolutely 
clean and in good condition. As the parts are being put together, oil all 
bearing and other contact surfaces generously. 

Put the valves in place, being careful not to interchange those of different 
cylinders. The cylinder number is etched on each valve stem, just below 
the groove. Put the cylinder over the wood block used for disassembling, 
snap the circlets into their grooves and assemble the lower valve spring 
washer, the springs, and the upper washer to the head. Depress the springs 
with tool, and assemble the two halves of the split cone retainer. Be sure 
that the two halves used on each valve bear the same number. 

After the valves have been assembled, they must be inspected with 
gasoline for tightness, and if they are still leaking, the entire procedure 
must be repeated until they are tight. When the valves are tight, assemble 
the rocker arms, in cases where they have been removed. The cylinders 
are now ready to be replaced on the engine. 

Inspect all crankcase pads for burrs and place the cylinder gaskets on the 
pad. On each piston, starting with piston 1, space the piston-ring gaps 
120 degrees apart, assemble the piston with the number stamped on the top 
surface toward the propeller end, and push the piston pin in place, with all 
the marked ends in the same direction. 

Betore attempting to assemble the push-rod tubes and push rods to the 
engine, turn the crankshaft so that both camfollowers are in their bottom 
position. After the entire piston has been oiled generously, clamp the tool 
over the piston rings. Put a new packing on each end of the push-rod 
tubes if necessary, and, in addition, there must be a cable ring on each tube 
of cylinder 1. On the 1929 series of engine, assemble a steel washer between 
the packing and the shoulder on the inner end of the tube. On the outer 
(longer) end, assemble the spring, the washer, and the packing, in the order 
mentioned. 

The push rods are placed into the tubes with the marking toward the 
rocker arm. The rods are marked alphabetically, starting with “A” for 
the exhaust side of cylinder 1 and following around the engine clockwise, 
when viewed from the rear. 

The cylinder, with its wall generously oiled, is then slipped‘over the piston. 
As soon as the rings are inside the cylinder, the clamping tool must be 
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removed; and, as the cylinder is pushed further in, great care must be taken 
in guiding the push rods and tubes into the rocker boxes. Be sure that the 
spring bail for the rocker-box cover is outside the push-rod tubes. After 
the cylinder is on, fasten it to the crankcase with the eight nuts and lock 
washers. 

After cylinder 1 has been assembled to the crankcase all the other cylinders 
must be assembled in numerical order in the same way. Note that on 
cylinders 2, 3, and 4, only the exhaust push-rod tubes require cable attaching 
rings, and on cylinders 5, 6, and 7, this ring is put on the intake push-rod 
tubes only. 

If the engine has been in use for any length of time, new rubber packings 
should be used on the intake pipes every time one is removed, as the old 
packings may be difficult to assemble and will not hold tight. Dip the intake 
pipe gasket in castor oil to warrant a perfect seal and put it on the intake 
flange of the cylinder. Assemble the spring, the gland (with the flat 
surface toward the spring), and the packing, to the intake pipe; press the 
latter into the induction housing, and fasten it to the cylinder. 

Set all valve-tappet clearances to 0.010 inches, by following instructions 
given on page 242 and put on the rocker-box covers. Check the gap on all 
spark plugs. This should be 0.021 inch. Next, screw plugs in place. 
Care must be taken to be certain that there are no burrs on the threads. 
If a plug does not screw freely into the head, it should not be used, as it 
will damage the aluminum thread in the cylinders. Next, replace all 
ignition cables. 

It is not necessary to time the valves or the ignition after a top overhaul. 


COMPLETE OVERHAUL 


When an engine has been in service 350 to 500 hours and has been top 
overhauled once or twice, it should be completely overhauled. This will 
be needed after a still shorter period of service unless the engine has had 
good care in maintenance and operation. A complete station tool equip- 
ment, is required for a complete overhaul. On account of this it will, in 
many instances, be found more economical to return the engine to the 
maker for a complete overhaul. 

Complete Disassembling.—To disassemble an engine completely, it 
must first be removed from the plane. Block the wheels of the ship, then 
remove the cowling, the propeller, the exhaust pipes, and the carbureter 
heater, if one is installed, and disconnect the oil, gasoline, tachometer, and 
all gage connections. Also remove the long oil line (scavenger) at the rear 
of the engine. Support the engine at the two lifting eyes back of the top 
cylinder, by means of a pulley. Remove the ten 54-inch diameter mounting 
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bolts and hoist the engine from the plane, carefully clearing the magnetos 
and other accessories in the rear. 

Place the engine on an assembly stand and attach it to the frame with 
from four to six bolts. Clean the outside of the engine thoroughly with 
gasoline before attempting to disassemble it. 

All small parts should be placed in clean pans or boxes and all gaskets 
placed between two wooden covers, to prevent their drying and breaking. 
Notes should be taken of all defects discovered during the disassembling, 
and the maker notified of any damage observed which is not due to normal 
operation. In reporting such cases, the engine number must be given. 


Fig. 7.—Crankshaft wrench and timing disk. 


Removing Auzxiliaries..—Take off the ignition cables by disconnecting 
the spark-plug terminals from the plugs, and by removing the cable blocks 
from the magnetos. Next, the clips which hold the cable tubes and the 
cables to the induction housing should be disconnected. The cables should 
be slipped through the rubber rings holding them to the push-rod tubes and 
the whole unit with the tubes and blocks should then be taken from the 
engine. Remove all spark plugs and the two lock wired capscrews at each 
magneto drive. If these capscrews cannot be reached, turn the crankshaft 
with wrench, shown in Fig. 7, which should be screwed on the shaft and 
locked with the propeller nut. The screws holding the magnetos to their 
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brackets should then be taken out and the magnetos removed from the 
engine. Next, the two magneto-drive housings should be taken from the 
gearcase but these units should not be taken apart. The oil strainer and 
the relief valve, both of which will be found below the oil pump, are then 
taken off. Remove all nuts holding the gearcase to the induction housing 
and lift off the gearcase. 

Next, remove the timing gear, which is held in place by three capscrews, 
and pull out the auxiliaries drive shaft just above it. The engine stand is 
then tilted so that the cylinders are in a horizontal position with the pro- 
peller end upwards. 

Remove the intake pipes, cylinders, and pistons and disassemble the 
valves, as per instructions under ‘‘Top Overhaul.” 

Removing Crankcase Front Half.—Remove the lock ring from the thrust- 
bearing nut and hold the crankshaft with wrench. Unscrew the thrust- 
bearing nut with spanner wrench. The thrust-bearing cover and the oil 
slinger immediately below are next removed. 

After all gaskets have been taken from the cylinder pads, the seven 
crankease nuts are removed and the six bolts through the crankcase are 
driven back. Between cylinders 4 and 5, instead of a bolt there is a stud, 
which should not under any circumstances be driven back. The front crankcase 
is now ready to be lifted off and the crankshaft and connecting rods can be 
lifted out as a unit. The short oil line, the oil-sump cover, and the car- 
bureter are detached next, and the engine stand is tilted back to the vertical 
position of the frame. Unscrew all nuts on the rear face of the induction 
housing and remove the rear half of the crankcase. 

Detach all camfollower crabs and take out all camfollowers, together 
with their guides. In order to avoid interchanging, keep each camfollower 
in its guide. The lock ring holding the cam gear in place is then sprung 
out of its groove and the cam ring is pulled off, after the end of the sleeve 
on which the cam ring rides has been inspected for burrs. 

Disassembling Crankshaft.—The thrust-bearing spacer and front ball 
bearing should be pulled off only in case the ball bearing shows excessive 
wear and needs replacement, or if the bearing or the sleeve is loose on the 
shaft. Whenever a ball bearing is replaced in the engine, use only “ Aircraft 
Bearings,” which are designated by red, white, and blue stripes on the pack- 
age. The shaft is next clamped in a vise with copper-covered jaws gripping 
one counterweight (Fig. 8), and the master rod is disassembled by removing 
the four bolts holding the cap to the rod. The link rods should be disas- 
sembled from the master rod only in case some parts need to be replaced 
on account of excessive wear. If a link rod has to be removed, the wristpin 


locking bolt and the pin will have to driven out, 
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Proceeding, turn the shaft around in the vise and remove the cotton pin, 
nut, ball bearing and spacer in the rear, and drive out the plug from the crank- 
pin toward the rear after the cotter pin securing it to the cheek has been 
taken out. Any sediment which has collected in the crankpin plug must 
be washed off with gasoline. The coupling and the pin holding same should 
be left undisturbed in the shaft. 


Fig, 8.—Disassembly crankshaft. 


Inspecting and Reconditioning.—After the engine is disassembled, all 
parts should be cleaned in kerosene, then rinsed in gasoline, and dried. 
Inspect all parts on a clean bench, according to the following instructions: 

Examine all castings for cracks, preferably with a large magnifying glass. 
On all machined surfaces, remove all burrs, as these may cause damage in 
operation, or prevent a joint from being tight. 

Check all clearances, according to the table on page 245. If the permissible 
clearance is exceeded, the worn part must be replaced and wherever the old 
part shows any markings for assembly purposes, these must be transferred 
to the new parts. New parts put into the engine must be carefully fitted 
to the clearances specified for each case. 

In replacing worn bronze bushings, the new parts must be checked as to 
their press fit before they are pressed into place. After they are assembled, 
they must be reamed in the fixture provided for this purpose in the station 
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tool equipment. After bushings have been reamed to the proper diameter, 
they must, in most cases, be faced to obtain the proper end clearance. 

Crankcase and Gearcase.—The crankcase should be inspected for burrs 
on the parting surfaces between the two halves, and the main bearing 
sleeves should be inspected for tightness in the case, and for the fit of the 
outer races of the ball bearings. 

The gearcase should be inspected as a unit with the magneto brackets 
and the oil pump. It is not advisable to remove the oil pump from the 
gearcase, unless it is found necessary to replace parts. While the gearcase 
is being washed in clean gasoline, the drive shaft should be turned several 
times in order to clean the inside of the pump. 

Crankshaft and Connecting Rods.—Inspect the crankshaft for straightness, 
and its journals and the crankpin for roundness. Blow out all oil passages, 
in order to remove any fine particles of dirt, etc. 

If the babbitt in the master rod shows any high spots, scrape them lightly 
with a sharp scraper. Inspect the bushings in all rods and replace the worn 
ones, following the instructions given above. Be sure that the tachometer 
shaft turns freely in its bushing and that the pin holding the gear to the 
shaft is tight. 

Camfollowers and Push Rods.—Each camfollower must slide freely in its 
guide, according to the specified clearance. If the roller shows excessive 
play on its pin, the entire assembly should be replaced by a new one. 

The ball ends must be tight on the push rods and be smooth and not show 
any wear. 

Piston and Valves.—If necessary, the valves should be ground and the 
piston and cylinders cleaned for carbon and reconditioned according to the 
instructions given in ‘‘Top Overhauling.” 

If the valve clearance in the guide is found to be excessive, due to wear, 
the valve guide must be replaced, and in so doing the following instructions 
must be observed. Heat the cylinder head around the valve guide, by 
means of a blow torch, to about 300° F. Drive out the old guides from the 
inside of the cylinder, using tools supplied for this work. Clean off the seat 
and the bore for the guide in the cylinder head and inspect the new guide for 
burrs, the presence of which may result in damaging the head. The new 
guide should be cold when driven in and the temperature of the head should 
be around 280° F. The guide must be driven home to the shoulder, using 
special tools for the intake, and exhaust. If the new guide is put in immedi- 
ately after the old one has been removed, it will not be necessary to reheat 
the heads. 

After the head has cooled off, the bronze valve seats must be re-seated, 
using the proper tools. If, after cutting, the seat surface is wider than 
14 inch, it is reduced to that width with the 15-degree cutter, by proceeding 
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in the same manner as with the 45-degree cutter. After the valve seats 
have been re-cut, the valves must be ground according to instructions under 
“Top Overhaul.” If thesseat surface on a valve is badly pitted or grooved, 
the valve should be replaced by a new one. 

’ Assembling.—After all parts are inspected and properly reconditioned, 
be sure they are cleaned and generously oiled on all moving surfaces as 
they are being put together, also that dirt does not get into the engine 
during the building-up process. 

A lock washer must be used under all plain nuts. With all castellated nutt 
use a cotter pin, but no lock washer. In either case if the nut goes againss 
an aluminum part, a plain washer must be used in addition, next to the 
aluminum. If the nut contacts with a steel or bronze part, no plain washer 
is used. Be sure to attach the cotter pin or the lock wire where they are 
used, as soon as the parts are put together. It is advisable to use new 
cotter pins and new lock wire when reassembling an engine. For lock wire, 
metallic belt lacing approximately 0.047 inches in diameter is recommended. 

It is very important that steel cotter pins of the proper diameter and 
length are used in all places. The following pin sizes should be used: 

For all 44-inch and 54-inch castellated nuts, 5 inch diameter X % inch 
length. : 

For rocker-arm shaft nut and magneto-drive shaft nut, 345 inch diameter 
xX % inch length. 

For propeller hub nut, crankshaft rear nut, crankease bolt nuts and master 
connecting-rod bolt nuts (1929 series only), 1 inch diameter X 5¢ inch 
length. 

For crankpin plug, inch diameter by 34 inch length. 

The connecting-rod bolts of the 1928 series engine are locked by means 
of special Star washers which can be procured from the engine builder. 

Crankshaft and Connecting Rods.—The crankshaft and connecting rods 
are assembled on the bench as a unit. First drive the crankpin plug from 
the rear into the crankpin, and lock it to the cheek with a cotter pin of the 
proper size. Then assemble the rear bearing spacer, the rear ball bearing, 
and the nut to the shaft, in the order given, and secure with a cotter pin. 

In case it was found necessary to remove them, attach Nos. 1 and 7 link 
rods to the master rod, and the other link rods to the cap, all according to 
the markings on the rods and cap. The wristpins are marked 1 to 7 on the 
inside of one end, which end of the pin should be assembled to the marked 
side of the rod. All of the wristpin bolts should be assembled with the 
threaded end pointing toward the master red. Next, the master rod and 
the cap are bolted together over the crankpin, while the crankshaft is 
clamped in a vise. The marked side of the cap and all rods must be assem- 
bled toward the propeller end. The four bolts or nuts should be gone over 
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repeatedly and tightened equally before locking them. ‘To the front end 
of the shaft, assemble the short spacer and the front main bearing if it has 
been found necessary to remove them for replacement. During this and the 
following operations, the rear end of the shaft may be rested on a bench or a 
wooden block with a 34-inch diameter hole, to clear the coupling which 
remains assembled to the shaft. Oil the front ball bearing generously 
and slip the front half of the crankcase over the shaft. Then assemble the 
long spacer, if it has been removed, and the thrust bearing to the shaft. 
The trade and size markings of the thrust ball bearing should be placed 
toward the rear. Next, the oil slinger is slipped on with the flat side 
against the bearing and the thrust-bearing nut is screwed on lightly. The 
cover gasket is now laid on the front face of the crankcase with the cut-away 
portion over the oil-return hole, the thrust bearing is oiled generously and 
the thrust-bearing cover is assembled to the case—with the marking “Top” 
toward cylinder 1. 

Crankcase Rear Half—tay the rear half of the crankcase on a clean 
bench with the rear end upward. Assemble the camfollower guides and the 
camfollowers into the case according to their markings. The exhaust guide 
of cylinder 1 is marked “A,” and the others follow to the right around the 
crankcase in alphabetical order. Attach the crabs which hold the guides 
in place. 

It will be found that the markings on the corresponding push rods and 
guides arethesame. Push allcamfollowers into their guides as far as possible, 
then slip the cam disc over the sleeve with the cam side toward the crankcase, 
and lock it with the retaining ring. The flat side of the ring must be 
toward the cam ring. Be sure that the six crankcase bolts are in place 
with one lifting eye under the head of each of the two upper bolts and a 
plain washer under the head of the four remaining bolts. 

Main Assembly.—Attach the induction housing to the assembly stand 
with from four to six bolts through the mounting lugs. It is advisable 
to close the seven openings for the intake pipes with wooden plugs or rags, 
in order to prevent dirt and small parts from getting into the engine during 
the assembling. 

The frame of the stand should now be placed in a vertical position. 
Be sure that the tachometer gear is in place and secured to its shaft by a 
taper pin, with the split end properly spread. Assemble the idler shaft 
from the front end, press the Woodruff key into the slot, and drive on the 
timing gear hub. Attach the oil-pump coupling to the rear of the shaft, 
by means of the through bolt. The rear half of the crankcase with gasket 
is next attached to the induction housing. 

The frame of the assembly stand is now turned to the horizontal position 
and the carbureter with gasket is attached to the oil sump. The gasoline 
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inlet of the carbureter should point toward the rear. The oil-sump cover 
and the oil screen with a gasket on either side of it are next attached to 
the sump. 

Oil the rear bearing of the crankshaft, to which the connecting rods 
and the front crankcase are already assembled, and lift the whole unit 
into the rear case. Cylinder pad marked 1 must be diametrically opposite 
the carbureter. In order to line up the cylinder pads, attach temporarily 
any two cylinders opposite each other with a few nuts to each half of the 
case. Drive the six crankcase bolts through the front half of the case and 
clamp the two halves firmly together with the seven nuts. Remove the 
two temporarily attached cylinders and screw the special crankshaft wrench 
on the end of the shaft and lock it with the propeller nut. Tighten the 
thrust-bearing nut with a wrench and a hammer, while holding the shaft 
from turning, with the special wrench attached to it. Now turn the 
crankshaft a few times to be certain that the thrust-bearing nut clears 
the cover, then lock the thrust bearing to the crankshaft by means of the 
retaining ring. 

Assemble the short oil line with the gaskets, attaching the crankcase 
end first, then put the cylinder gaskets on the crankcase pads. Assemble 
the pistons, push rods, cylinders, and intake pipes, according to the instruc- 
tions given under ‘‘Top Overhaul.’”’ Turn the frame of the assembly 
stand to a vertical position, and push the auxiliaries drive shaft into its 
bushing in the induction housing. 

Valve Timing—Whenever the cam drive has been taken apart, the 
valves must be retimed, as follows: Turn the idler shaft to get the valves 
in cylinder 1 in the position corresponding to firing top center, in which 
position both valves of this cylinder are fully closed, while No. 7 intake and 
No. 2 exhaust valves are both halfway open. Set both rocker arms of 
cylinder 1 to a tappet clearance of 0.027 inch. Attach the timing disc 
assembly and wrench (Fig. 7) with the propeller nut to the crankshaft. 
The key on the crankshaft taper is machined exactly opposite the crank 
throw, so that if the graduated disc is once set exactly on the timing dise 
hub, this setting is good for all engines. Attach the reading pointer which 
goes with the timing disc assembly to the two front studs of cylinder flange 1. 

Set the dise to 10 degrees before top center and slowly turn the idler 
shaft anticlockwise, by means of the oil-pump coupling, until the intake 
valve starts to open, Fig. 9. This is easily checked by inserting a 0.0015-inch 
feeler between the valve stem and the rocker-arm roller. As soon as the 
feeler begins to stick, place the idler shaft gear on the hub, and attach 
it with three capscrews where the holes in the gear match those in the 


hub. Neither the idler shaft nor the auxiliaries drive shaft should be turned 
when this is done. 
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Next, check the timing of all four cam lobes to the following values, 
using a 0.027-inch feeler. 

Intake opens—10 degrees before top center. 

Intake closes—60 degrees after bottom center. 

Exhaust opens—60 degrees before bottom center. 

Exhaust closes—10 degrees after top center. 

Each two full turns of the crankshaft brings the next cam lobe in con- 
tact with the valve gear. If in checking it is found that the timing does 
not correspond to the above figures, check the tappet clearance, which must 


Fig. 9. 


be exactly 0.027 inch. If the trouble is not in the tappet clearances, 
remoye the three capscrews holding the timing gear to the hub, and attach 
the gear to the hub in such a way that the intake valve closes as nearly 
as possible to 60 degrees after bottom center. It will then be found that 
all the other timing values will be within 3 degrees of the values. given in 
the table, this slight variation being due to the limits in machining. Do 
not forget to lock wire the capscrews after the timing is finished, and to 
set all tappet clearances to 0.010 inch, while the engine is cold. This will 
result in a tappet clearance of approximately 0.027 inch when the engine 
is warm. 


fe 


i 
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Gearcase.—If, for any reason, the oil pump has been removed, assemble 
it to the gearcase with a new cork and a Vellumoid gasket, the studded 
flange toward the right-hand side. Inspect to see whether the pump 
gears are turning freely. Assemble the gearcase and gasket to the induction 
housing by fitting the oil-pump shaft over the coupling in the idler shaft. 
After the gearcase has been attached, turn the crankshaft and see that 
the pump gears are moving. 

Assemble the oil strainer, the gaskets, and the relief valve, to the gear- 
case, seeing that the seat on the valve and in the ease, is clean and smooth. 
Attach the magneto drives and gaskets to the gearcase. All gears should 
have 0.004 to 0.008 inch backlash when cold. Turn the crankshaft to 
make sure that the magneto drives turn freely. 

Magnetos.—Attach and time the magnetos according to instructions 
given in the Magneto section of this book. In addition, the following 
must be observed: 

After having set each magneto to fire as nearly as possible to 32 degrees 
before top center when fully advanced, by means of the adjustment pro- 
vided for this purpose on the magneto coupling, slight variations between 
the breaking of the two magnetos must be eliminated by means of the 
magneto control rod. Both magnetos should break at the same instant, 
and this can be determined by using a feeler gage 0.0015 inch thick on 
each magneto. Lock the control rod and the breaker covers of the magnetos, 
after adjustment has been made. 

Grease the rocker arms and put on all rocker-arm covers. All spark 
plug gaps are next checked to 0.021 inch and the plugs are screwed into 
the cylinder heads. It is important that the plugs be screwed in freely 
by hand before being tightened with the spark-plug wrench. 

Attach the two cable tubes to the engine. If wires have been removed 
from the tube for replacement purposes, push the cables for cylinders 4 
and 5 through the bottom end of the nearest tube and the cables for cylinders 
3 and 6 through the small holes on the side of the nearest tube. All cables 
going from the left magneto to the right side of the engine and vice versa 
should be pulled through the clamp neat the top attaching lug. Two 
rubber rings should be used on the cables between each magneto and the 
cable tubes. From the right-hand magneto the cables are connected to all 
rear spark plugs, and from the left-hand magneto to the front plugs. Each 
magneto must be wired according to the firing order, which is 1-3-5-7-2-4 
-6. Aclip is fastened to each cylinder head for the cable leading to the front 
spark plug. All cables should be held to the push-rod tubes by means of 
rubber rings. The wiring must be checked for correct connections by follow- 
ing up each cable, or by a ringing-in outfit, if one is available. Remove 
the timing disc and the pointer. . 
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‘The engine is now ready for mounting in the plane. The long oil line 
and the exhaust pipes must be assembled after mounting. If an engine 
is stored after an overhaul, or if an engine in service is laid up for any 
length of time, oil generously all metal parts which do not have a protective 
coating, in order to prevent corrosion. 


TABLE OF Fits 


T = tight fit. 2 = loose fit. All dimensions are in inches. 


Bushings (press fit): Minimum Maximum 
Cam-drive idler-shaft bushing in induction hous- 
din LATING Claes etree et gE ik OP See oY psca eS 0.002 7 0.005 T 
Cam and magneto-drive shaft front bushing in 
induction housing—diameter................. 0-002) 730,005 2 
Cam and magneto-drive shaft rear bushing in 
gearcase—diameter........ Pe OR002 0, 005m 
Piston-pin bushing in Seong no eecamee 0.002 7 0.004 T 
1 Rocker-arm bushing in rocker arm—diameter.... 0.002 7 0.004 T 
Tachometer drive shaft bushing in induction 
HouUSsINg—-Cla Meter.” hah. oa A AM Rees 0.001 T 0.003 T 
Wristpin bushing in master connecting rod— 
CUUATIVG LO Tes emer wrt RL te Ate re cil ars MOEN od vcs 0.002 7 0.004 T 
Valve guides (int. and exh.) in cy ages head— 
CURA TINE UCT ape eapt Wh MMII se ess SAL eco he TA eas 0.0012 T 0.0028 T 
Ball bearings. Tightest Loosest Desired fit 
Crankshaft front and rear ball bearings 
on crankshaft—diameter........... 0.0006 7 0.0004LZ 0.0001 LZ 
Crankshaft front and rear ball bearines 
in crankcase—diameter.... ....... 0.0003 LZ 0.0021 L 0.001 L 
Crankshaft thrust bearing on crank- 
shaft spacer—diameter.... . ne 0.0007 7 0.0004L 0.0001 L 
Crankshaft thrust bearing in crank- 
case —-WlaMn CbePi.n.s.1. . Mane Gish hae 4 0.0003 Z 0.0021Z 0.001 L 
Crankshaft thrust bearing in crank- 
case—end......... . 0.003 L 0.019 LZ 0-010 L 
Magnsto-drive shat ball DERG on 
Biahe-—-C1 am Ctencenan Ae hes acs hea sha 0.0003 T 0.0006Z 0.0001 L 
Magneto-drive shaft ball bearings in 
housing—diameter................ 0.0003 7 0.0012Z 0.0002 Z 


1On 1928 series sparab only. 
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TaBLE oF Firs.—(Continued) 


Ball bearings: 


Tightest 


Rocker-arm ball bearing§ on rocker 


ALPEN OMEN ANE KSIS % GA oon oem Ao os 


0.0003 7 


Rocker-arm ball bearings in rocker 


Atin=—Cinine tela eee meee ite et ee 


Camfollower in guide—diameter........ 
Camfollower guide in crankcase—diam- 


Camfollower roller on sleeve—diameter. . 
Camfollower roller in camfollower—end. . 
Cam-drive idler shaft in gua 


Cam-drive idler shaft in bushing—end 
ClEAT ATCO Meier are re ieteere Neer 
Cam and magneto drive shaft in bushings 
SG bE HUTS) Caan Bebe Ge ace ome Se Oto cas Ie oe 
Cam and magneto drive shaft in bush- 
WY Geo ler eipatdintae oh moma amigo E 
Cam ring on bearing sleeve—diameter. . 
Cam ring on bearing sleeve—end....... 
Connecting rod (master) on crankshaft— 
GUaMMeter ae Sas veers Cre eee ee 
Connecting rod (master) on crankshaft— 


Gears (all)—backlash (when cold) 
Piston—top diameter in cylinder....... 
Piston—skirt bottom diameter in cylinder 
Piston pin in piston—diameter......... 
Piston pin in connecting rod—diameter. . 
Piston ring (compression) in piston—side 
Piston ring (compression) in place—gap. . 
Piston ring (oil regulating) in piston—side 


™ 


0.0004 7 


Minimum 
clearance 


0.0005 L 


0.001 L 
0.0005 L 
0.0004 L 


0.0005 L 
0.007 L 
0.001 L 


0.007 L 
0.0035 L 
0.002 L 


0.0012 L 
0.006 L 


0.005 L 
0.006 
0.034 L 
0.013 L 
0.000 
0.0005 L 
0.002 
0.006 
0.001 L 


Loosest 


0.0006 L 


0.0011 L 


Max. 
allowed 
clearance 

due to 
wear 
0.002 L 


0.003 
0.006 
0.010 


Shi Sollee 


0.004 L 
0.012 L 
0.0045 L 


0.012 L 
0.006 L 
0.016 L 


0.0035 L 
0.013 L 


012 L 
012 

040 L 
020 L 
0015 L 
0025 L 
0035 L 
020 

0.003 L 


Sere ee) ere) 


Desired fit 


0.0001 L 


0.0001 L 


Desired 
clearance 


0.001 


aa 


0.002 L 
0.001 L 
0.006 L 
L 
L 


0.002 
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TaBLE or Frrs.—(Continued) 


Minimum 

clearance 
Piston ring (oil regulating) in place—gap. 0.015 
Pump drive shaft in oil pump—diameter. 0.0005 L 
Pump drive shaft in oil pump—end..... 0.000 
Pump gears in oil pump—end.......... 0.001 L 
Pump idler shaft in gears—diameter..... 0.0005 L 
‘ Rocker-arm bushing on bearing sleeve— 

GIANG Leva mie hut an kad 2 Os 0.0015 Z 
1 Rocker-arm bushing and thrust washer 

= SC aoa an onl Rte cae oe 0.0038 ZL 
Rocker-arm roller on roller sleeve— 

CLSTICLODY 2AM en eA lah Sere ay 5 ES 0.0005 L 
Rocker-arm roller in rocker arm—end.... 0.004 ZL 
Tachometer drive shaft in bushing— 

CHAMTCLET Ret ree atine ave. nai ie? 0.0005 L 
Tachometer drive shaft in bushing—end. 0.007 L 
Valve (exhaust) in valve guide—diameter 0.004 ZL 
Valve (intake) in valve guide—diameter. 0.002 L 
Wristpin in bushing—diameter......... 0.0001 L 
Wi OSL Dien slinikgro deta men ea eat. (Rea Pont ont 

1On 1928 Series Scarab only. 

CHAPTER 9 


Max. 
allowed 
clearance 
due to 
wear 

.028 

.002 LZ 
.019 ZL 
005 L 
002 L 


eee ere) 


0.008 L 


0.018 
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Desired 
clearance 


020 
001 
010 


Sora] 


.001 


0.002 


0.004 


L 
L 


0025 L 


I, 


L 


L 


Two small, four-cylinder engines, air cooled and with cylinders in 
line, have made their appearance, both from English designs, and both 
being now manufactured in this country. Both engines are similar 
Its main 


in many ways. The Cirrus, Mark III, is shown in Fig. 1. 


dimensions are: 


MS OUG Mr Mee Mon res neues see als dasha sliatoee 43¢ inches 
SHORES. @ a Sao Seer oes ee ee 5}¢ inches 


Displacement piston, total............ 


Compression ratio (high compression).. 5.4 to 1 
f 


310 cubic inches 
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BOLT CIRCLE 42352 


CARBURATOR 


OPPOSITE SIDE OF 


4-26 PIPE_TAP 
GASOLINE CONN. ON 


<e—_| 


i 


A HOLES 2a 


Och 


9! 2IN. REQUIRED TO 


REMOVE OIL GAUGE 


HIGH AND LOW TYPE ENGINE BEARERS 


Fic. 1.—Outline and dimensions of Cirrus, Mark IIT. 
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Compression ratio (low compression)... 
Normal brake horsepower............. 
Maximum brake horsepower.......... 
Normal brake horsepower............. 
Maximum brake horsepower.......... 
Viel In Gs Ciny weed pores erates is Aine ee aieks' 4 
‘Dwi Comnsnunny noe gees ses he gs Saone 


MOC ONSUIMMD TOM weeds. ees aes owe ce oc 


Direction of rotavion 2). see oe ek 
Tieanalintorile ac & Ga 5. Cle Ee oe a eee anne ee 
BachGmeter sae eee oe ee cas 
en eto Crallempeeg he tee, sea aa 
Bi cigtatvOveralls cect pet cee td ose lee ae 
TWO ny areal lbs sees wt erence pe phase 
eAreriCONLerses Meee sais yee aera 


5.1 to 1 

88 at 1,900 r.p.m. high comp. 

95 at 2,100 r.p.m. a ec 

86 at 1,900 r.p.m. low ” 

93 at 2,100 r.p.m. cas 

280 pounds 

0.54 pounds per brake horsepower 
hour 

0.0213 pound per brake horse- 
power hour 

Clockwise 

Two magnetos 

One-half engine speed 

46.5 inches 

37 inches 

17 inches 

Front 15% inches 

Rear 19 inches 


Fic. 2.—Method of lubrication. 
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Cylinders are of cast iron with aluminum heads which are bolted 
in place with copper gasket joints, and are easily removable without 
taking the engine down. Valve seats are of bronze, screwed into the 
head and expanded into place. The valve guides are of phosphor 
bronze and are a force fit in the crankcase. Bronze bushings are 
provided for the two spark plugs in each cylinder. Valve rocker arms 
are carried on a steel bracket bolted to top of cylinder heads. 


To clear 
\ oll filler 


Hole cut as shown to allow 
air fo enter for cooling sump 


Air release to be this wide. - 2 
and length as shown on cowlng } 


Fie. 3.—Cowling for cooling engine. 


Pistons are of aluminum alloy with three cast-iron rings and a full- 
floating piston pin. Connecting rods are of duralumin, forged in H 
section, bronze-backed babbitt bearings being used on the crankpin. 
The four-throw crankshaft has five bearings. The three inner bearings 
are babbitt, while the end bearings are rollers. The lower half of the 
crankcase holds sufficient oil for a 5-hour flight, a geared pump forcing 
the oil to the bearings. 

Special attention should be given to the cowling so as to direct the 
flow of air properly around each cylinder. Directions for this are given 
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by the makers in the accompanying diagrams. Figure 2 shows the 
method used in cooling the oil sump in the crankcase while Figs. 3 and 4 
give details of the way in which the cowling is made to deflect the air 
around the cylinders so as to secure proper cooling at all times. It is 
important that the cowling be kept in good condition as dents or dis- 
placement may easily affect the cooling of the engine and, consequently, 
its reliability in service. 


Fig. 5.-- Gipsy engine showing oil piping. 


These illustrations also show the method of mounting this type of 
engine in the fuselage and also give the main dimensions. These will 
be found useful in planning for this type of engine as well as in actually 
mounting it in a plane. 

The Gipsy engine, now being built by the Wright Aeronautical 
Corporation, is very similar in many ways, as can be seen in Fig. 5. 
The main dimensions follow: 


Rotation—Left-hand tractor. 
Bore—414 inches approximately. 
Stroke—5 4 ¢ inches approximately. 
Displacement—319 cubie inches. 


CURTISS OX-ENGINE 2538 


Normal brake horsepower—90 horsepower at 1,900 r.p.m. (Rated horse- 
power 85 at 1,900 r.p.m.). 

Maximum brake horsepower—100 horsepower at 2,100 r.p.m. (Approxi- 
mately). 

Compression Ratio—5: 1. 

Weight—Engine complete with propeller hub, etc., 285 pounds. 

Fuel Consumption—0.59 pints per brake horsepower per hour. 

Oil Consumption—% to 34 pints per hour. 


Similar suggestions regarding cowling apply to this engine and it 
is to be noted that both are so nearly like the average automobile 
engine of today that no one who understands motors should have any 
difficulty in keeping these engines in good running order. 

There are also a few American engines of similar design but none 
of these have as yet seen the service of either the Cirrus or the Gypsy. 


CHAPTER 10 
CURTISS OX-ENGINE 


Although the Curtiss OX-engines are no longer built, there are so 
many of these engines still in use that the following suggestions, author- 
ized by the Curtiss Aeroplane and Motor Corporation will still be found 
useful. 

The last series of OX engine was the OX-6, but they are all practically 
identical, with the exception of a few structural changes. The dimen- 
sions listed are for the latest model shown in Fig. 1. The OX engines 
have 4- by 5-inch cylinders normally run at 1,400 r.p.m., and weigh 
390 pounds complete. The installation dimensions are as follows: 


Overalbwlenodm inches emmys shea ose oes an oe 5534 
Oxceralleewiditiewinches tect were rn iiersran es ka aes 2934 
Overali@depubeinchessernann ara eee ee 3114 
Width at bed (inside supports), inches............... 10% 
Jalil ay aswoy may loye0l TWO) WO}, WOON, cue ces gee ase ou eo uat 1734 
Pepthmromepedetospotrom inches ¢.. (0). ee 1334 
Bed bolts (center to center), inches.................. 12549 


The general construction of the engine can be seen from Fig. 2, while 
Fig. 3 shows the end view with location of the carbureters, exhaust 
i 
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manifolds and water pump. Fig. 4 shows the crankcase with the 
studs that hold the cylinders in place. 


Fic, 1.—Curtiss model OX-6 engine. 


SETTING UP 


Study carefully the dimensions shown in the installation diagram. 

The bearers or beds should be 2 inches wide by 3 inches deep, prefer- 
ably of laminated hardwood, and placed 10%, inches apart. They must 
be well braced. 

The six arms of the base of the motor are drilled for 3<-inch bolts, and 
none but this size should be used. 

1. Anchoring Engine.—Put the bolts in from the bottom, with a large 
washer under the head of each so that the head cannot cut into the wood. 
On every bolt, use a castellated nut and a cotter pin, or an ordinary nut 
and a lock washer, so that the bolt will not work loose. Always set the 
motor in place and fasten before the attaching any auxiliary apparatus, 
such as the carbureter, etc. 

2. Inspecting Ignition-switch Wires.—The wires leading from the 
ignition switch must be properly connected—one end to the motor body 
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for ground, and the other end to the post on the breaker box of the magneto 
(see the wiring diagram). 


DOUBLE CAM 
<==) BREATHER 


| THRUST BEARIN 


Tae 


Fig. 2.—Section view of Curtiss engine. 


3. Filling Radiator.—Be sure that the water from the radiator fills 
the cylinder jackets. Pockets of air may remain in the cylinder jackets 
even though the radiator may appear full. Turn the engine over a few 
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Fic. 4.—Engine base with studs. 
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times by hand after filling the radiator and then add more water if the 
radiator will take it. The air pockets, if allowed to remain, may cause 
overheating and develop serious trouble when the engine is running. 

4. Filling Oil Reservoir.—Oil is admitted into the crankcase through 
the breather tube at the rear. It is well to strain all oil put into the crank- 
ease. In filling the oil reservoir, be sure to turn the handle on the oil 
sight-gage till it is at right angles with the gage. The oil sight-gage is on 
the side of the lower half of the crankcase. Put in about 3 gallons of the 
best obtainable oil, Mobile A recommended. It is important to remember 
that the very best oil is none too good. 

_ 6. Oiling Exposed Moving Parts.—Oil all rocker-arm bearings before 
each flight. <A little oil should be applied where the push rods pass through 
the stirrup straps. 

6. Filling Gasoline Tanks.—Be certain that all connections in the gasoline 
system are tight. 

7. Turning On Gasoline.—Open the cock leading from the gasoline 
tank to the carbureter. 

8. Charging Cylinders.—With the ignition switch, prime the engine 
by squirting a little gasoline in each exhaust port and then turn the propeller 
backward two revolutions. Never open the exhaust valve by operating 
the rocker arm by hand, as the push rod is likely to come out of its socket 
in the camfollower and bend the rocker arm when the engine turns over. 

9. Starting Engine by Hand.—Always retard the spark part way, to 
prevent backfiring, by pulling forward the wire attached to the breaker 
box. Failure to so retard the spark in starting may result in serious injury 
to the operator. Turn on the ignition switch with the throttle partly 
open; give a quick, strong pull down and outward on the starting crank 
or propeller. As soon as the motor is started, advance the spark by releas- 
ing the retard wire. 

10. Oil Circulation.—Let the engine run at low speed for a few minutes, 
in order to establish oil circulation in all bearings. 

With all parts functioning properly, the throttle may be opened gradually 
for warming up before flight. 


VALVE SETTING AND TiImMING—MaGNneETO TIMING 


When the motor leaves the factory, its valves are properly set and timed. 
Scarcely any trouble is experienced with the valves of the Curtiss engine. 
Under normal conditions, they are practically free from warping and pitt- 
ing. As occasional grinding is necessary to bring them to a perfect seat 
and to clean off any collection of carbon. The inlet valves are of high- 
grade nickel sieel; the exhaust valves are of tungsten steel. 
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1. Valve Setting.—After “grinding and cleaning, set the inlet valves at 
0.010 clearance and the exhaust valves at 0.010 clearance. This setting 
should be done on each cylinder just after the inlet valve has closed. If 
the stem is indented, due to any cause, remove the valve and grind the 
stem end to a flat surface. 

2. Valve Timing.—After setting the clearance, turn the engine in the 
direction of rotation till the piston of cylinder 1 is on top dead center. 
Then turn the camshaft in its direction of rotation till the exhaust valve 


UPPER DEAD CENTER. 


AOWER DEAD CENTER. 


Fig. 5.—Valve-timing diagram for Curtiss OX-6. 


on cylinder 1 has just closed. Put on the camshaft gear, being sure that 
the keyway of the gear lines up with the key 1n the camshaft. 

Thus set and timed, the inlet valves will open 15% degrees past top 
center and close 40 degrees past bottom center; the exhaust valves will 
open 48 degrees before bottom center and close 3 degrees past top center as 
in Fig. 5. 

3. Magneto Timing.—Turn the engine in the direction of rotation till 
the intake valve of cylinder 1 has closed; then turn the engine in the same 
direction till the piston of cylinder 1 is on top dead center; then turn the 
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motor backward till the piston of cylinder 1 is 3g inch from top center. 
Turn the armature of the magneto in the direction of its rotation (it is 
the same as that of the crankshaft) till the distributor brush is on segment 
1 with the breaker points just ready to open. Put on the magneto gear, 
using the same precaution as given for engaging the camshaft gear. This 
should bring the firing time of all cylinders to 28 degrees before top center. 
The distributor diagram is shown in Fig. 6. 


S71) 6 524, 5, 2 


DISTRIBUTOR 
BLOCK 


Fie. 6.—Distributor block. 


The spark advance lever should be in the position of full advance during 
this whole operation. The gap between the breaker points should be 
0.018 inch, and that of the spark-plug points, 0.023 inch. 


IGNITION 


The magneto used on the Curtiss engine is of the high-tension type. 

The firing order and cylinder arrangement are as shown on the wiring 
diagram. 

Ignition troubles are usually traced to faulty spark plugs. A common 
cause of spark-plug failure lies in the intensity of the spark itself, the latter 
eventually burning away the electrodes and thereby widening the gap, 
which, at low speed, causes missing. To test a spark plug, connect it up 
with its terminal and lay it upon a cylinder of motor for ground 


connection. 
y 
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Turn the engine over briskly, and the spark plug should give a good 
spark. 

All gasoline connections should be cut off before this test. 

Trouble with the magneto itself is sometimes due to dirt and overlubri- 
cation. If the magneto is suspected of being at fault, unscrew one of 
the spark plugs, connect it up with its terminal, and lay it upon a cylin- 
der of the motor for ground connection. Crank the engine vigorously. 
If no spark is seen, it will be the wiser course to unscrew several plugs and 
subject them to the same test before condemning the magneto or the wiring. 
Should no spark appear as the several plugs are tested, detach the switch 
wire from the magneto terminal on the interrupter housing cover and test 
the plugs again. A spark under these conditions will indicate a short 
circuit in either the switch or the switch cable. If there is no spark, the 
interrupter should be inspected—care being taken to see that the platinum 
points are clean and smooth and that the interrupter lever moves freely 
on its pivot. If the spark still fails, remove the aluminum bonnet from 
the shaft end of the magneto, thus exposing the safety spark gap. Turn 
the engine over rapidly. If a spark is seen in the safety spark gap, the 
fault will be found not in the magneto but in the distributor, in the spark- 
plug cables, or in the spark plugs themselves. If no spark is visible in the 
safety spark gap, the trouble is internal; the magneto must be returned to 
the manufacturer for repairs. Under no conditions should the magneto 
be taken apart beyond the removal of the interrupter, the distributor 
plate, and the bonnet from the shaft end. Nothing good can be accom- 
plished by removing the end plates of the magneto, and permanent injury 
is almost sure to result. 

The inside of the commutator should be kept clean and lubricated with 
high-grade cylinder oil—not in too large quantities, however. Graphite 
should never be used on the commutator. 

Lift out the distributor plate occasionally, without disarranging the 
wiring, and remove any accumulation of oil, dirt, or moisture. 


LUBRICATION 


The proper lubrication of any mechanism is of so vital importance and 
any neglect is so sure to cause expensive repairs that the mechanician 
should make it his unfailing habit to look after it daily. The Curtiss 
lubrication system is easily understood and requires little time for proper 
attention. 

The system is force feed and spray. 

The lower half of the crankcase is used as the oil reservior and carries 
a sight-gage that indicates at all times the quantity of oil it contains. The 
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case is so designed that its center is always its lowest point and is conse- 
quently the point at which the oil always gathers. This is a highly impor- 
tant feature of Curtiss construction, as at no practical flying angle can the 
cylinders become flooded with oil. Inside the crankcase are two baffle 
plates sloping from the ends toward the center and leaving at the bottom 
a 34-inch opening their full width. 

A simple gear pump forces the oil from the low point of the crankcase 
sump; through the hollow camshaft to all the camshaft bearings; thence 
through connecting tubes to the crankshaft bearings. From _ these 
bearings the oil passes through the holes drilled in the crankshaft into 
the hollow crankshaft, and the hollow crankshaft throws to the connecting- 
rod bearings. 

The oil is thrown off the crankpin bearings in a spray, on to the piston 
pin bosses, thence through holes in bosses to piston-pin bearings. Grooves 
in the pistons carry the oil up on to the cylinder wall. 

The magneto gear and camshaft gear are lubricated by spray from a 
hole in the retaining screw of the camshaft gear. The thrust bearing 
is lubricated by spray from a hole in the rear of the crankshaft. 

The oil pressure is regulated by a regulating valve in the line, which 
acts as a bypass allowing the surplus oil to flow into the oil sump. 

All bearing pins for tbe rocker arms and for the forked ends of the push 
rods are hollow but plugged at both ends. Minute holes are drilled in 
alignment with the external holes. As oil is forced into these external 
holes the hollow spaces inside the pins act as reserviors and will oil evenly 
all bearings of the rocker-arm mechanism for several hours after being 
filled. 


OVERHAULING AND INSPECTION 


Every engine should have a complete inspection at the end of every 
50 running hours. To do this properly, the engine must be dismantled. 
When new, the engine should not be run for more than 5 hours, without 
thoroughly draining off all oil and carefully cleaning the strainer. This 
procedure should be repeated at the end of the second 5-hour period of 
operation, and then at the end of the next 10-hour period. 

Any first-class engine mechanic can do this work, noting these few points 
carefully. 

The crankshaft and crankpin bearings are made 0.002 to 0.003 inch 
larger than the journal. The bearings should never be tighter than this, 
and a trifle more clearance will do no damage. Scraping the bearings 
should be undertaken only when absolutely necessary, as when relining 


or when one is cut or burned from dirt or insufficient lubrication. 
£ 
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Clean carbon from the pistons and cylinders and free any rings that 
may be stuck in the groove. Lap all valves that leak, being careful to 
leave no ridges on either valve or seat. Clean and oil carefully all parts 
when reassembling. 


CARBURETION 


If adjustment of carbureter is found necessary, it should be attempted 
only by one thoroughly ‘competent and strictly according to the instruc- 
tion pamphlet issued by the maker of the carbureter. 


ImMporRTANT Don’t’s 


. Don’t forget that ‘‘a stitch in time saves nine.” 
Don’t forget to inspect the motor thoroughly before starting. 
Don’t try to start without oil, water, or gasoline; all three are vital. 
Don’t forget to see that the radiator is full of water. 
Don’t get dirt or water into the oil. 
. Don’t get dirt or water into the gasoline. 
Don’t forget to oil all exposed working parts. 
. Don’t try to start without retarding the magneto; a serious accident 
may result. ; 
9. Don’t try to start without turning on the switch. 

10. Don’t start the motor with throttle wide open. 

11. Don’t run the motor idle too long; it is not only wasteful but harmful. 

12. Don’t forget to watch the lubrication; it is most essential. 

13. Don’t forget that the propeller is the business end of the motor; 
treat it with profound respect—especially when it is in motion. 

14. Don’t cut off the ignition suddenly when the motor is hot; allow it 
to idle for a few minutes at low speed before turning off the switch. This 
insures the forced circulation of the water till the cylinder walls have cooled 
considerably and also allows the valves to cool, preventing possible warping. 

15. Don’t fail to study the trouble charts that follow before you molest 
a thing about the motor, if you have trouble. 

16. Don’t develop that destructive disease known as tinkeritis; when 
the motor is working all right, let it alone. 

17. Don’t forget a daily inspection of all bolts and nuts. Keep them 
well tightened. 

18. Don’t fail to stop your motor instantly upon detecting a knock, a 
grind, or any other noise foreign to perfect operation. It may mean the 
difference between saving or ruining the motor. 

19. Don’t fail to study these instructions thoroughly. Figures 2, 3 and 4 
show construction of motor. : 


WNAOAR WN 
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Tue TROUBLE CHART 


This chart has been prepared to outline in a simple manner the various 
troubles that interfere with the efficient action of aeronautical motors. 

The various defects that may develop are tabulated in a manner that 
makes for ready reference, and opposite the part affected the various con- 
ditions are found under a heading that denotes the main trouble to which 
the others are contributing causes. 

The various symptoms denoting the individual troubles outlined are 
given to facilitate their recognition in a positive manner. Brief note is 
also made of the remedies for the restoration of the defective part or 
condition. 

It is apparent that a chart of this kind is intended merely as a guide, 
and it is a compilation of practically all the known troubles that may 
materialize in gas-engine operation. While most of the defects outlined 
are common enough to warrant suspicion, all will never exist in an engine 
at the same time; and it will be necessary to make a systematic search 
for such of those as do exist and by the process of elimination, locate the 
offending part. : 

To use the chart advantageously, it is necessary to know and recognize 
easily one main trouble. For example, if the motor is skipping, look for 
possible troubles under the heading Skipping. If the motor fails to develop 
power, the trouble will undoubtedly be found under Lost Power and 
Overheating. 

It is assumed in all cases that the trouble exists in the power plant or 
its components and not in the auxiliary members of the ignition. In 
many instances, however, the seat of trouble will be traced to these latter 
members. 
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Lost PowrR AND OVERHEATING 


Part at fault 


24 
Manifold 
connections 


25 
Water-pipe 
joint 


26 
Spark plug 


Bip 
Combustion 
chamber 


28 
Valve-head 


29 
Valve seat 


30 
Piston rings 


Trouble 


Effect 


Remedy 


Poor mixture in one set 
of cylinders with good 
mixture in other set 


Surging or pulsating 


Tighten connections; 
put in new gaskets 


Loose 
Defective gasket 


Loss of water and 
overheating 


Loose in threads 
Defective gasket 


Poor compression and 
overheating 


Tighten bolts or re- 
place with new con- 
nection 


(See No. 1) 
Screw down tight 
Replace with new 


Crack or blowhole 
Roughness 
Carbon deposit 


Poor compression 
Pre-ignition 
Pre-ignition 


Fill by welding or re- 
place with new 
Smooth up 

Remove carbon 


Warped, scored, or pitt- 
ed Carbonized or cover- 
ed with scale’ 


Poor compression 


True up in lathe and 
grind to seat 

Serape off smooth 
with emery cloth 


Warped or pitted 


Carbonized or covered 
with scale 


Poor compression or 
blowback 


Use reseat reamer 
Clean off and grind to 
seat 


Loss of spring 
Loose in groove 
Worn or broken 
Slots in line 


Poor suction, leak of 
gas, and overheating 
Poor compression 


31 
Piston rings 


Broken because too tight 
Insufficient opening 


Peen rings or replace 
with new 

Loosen rings on _ pis- 
ton 


Scored cylinder walls, 
overheating in sump 
pan, and poor com- 
pression 


Replace 
inder 


scored 
if groove 
deep; use new rings 


eyl- 
is 


32 
Wristpin 


Loose 
Scored cylinder 


Poor compression 


Fasten securely 
Replace scored cyl- 
inder if groove is deep 


33 
Piston head 


34 
Piston 


Carbon deposit 
Crack or blowhole (rare) 


Binds in cylinder 
Walls scored or worn out 
of round 


Pre-ignition 
Poor compression 


Overheating 


ee 


bs) 


Remove carbon 
Replace with new 


| Lap off excess metal 


Replace with new 
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Lost Powmrr AND OvERHEATING.— (Continued) 


Part at fauit 


35 
Cylinder wall 


Trouble 


Effect 


Remedy 


Scored 
Poor lubrication causes 
friction 


Poor compression and 
overheating 


Replace with new 
Lap in cylinder 
Repair oiling system 


36 
Camshait 
Drive gear 


37 
Crankshaft 


38 
Crankpin 
Bearings and main 

bearings 


Loose on shaft 
Not properly meshed 
Worn or broken teeth 


Irregular valve action 


Scored or rough on jour- 
nals 
Sprung 


Adjusted too tight 
Defective oiling 


Insufficient oiling 


Overheating 
Overheating 


Overheating 


Fasten to shaft 
Time properly 
Replace with new 


Smooth up 
Straighten 


Adjust to 
clearance 
Clean out oil holes 


running 


Replenish supply 
Use best oil—Mobile 


Oil i Eoor,cx Seca rawiotaten eee ropes 
P Dirty oil ®5 | Wash with kerosene 
Replace with new oil 
40 
Water space Clogged with sediment : Dissolve and remove 
Overheating ‘ : 
and water or scale foreign material 
pipes 
41 Layer of hose obstructs , Refit or replace with 
4 ‘ Overheating 
Radiator hose opening new 
Impeller loose on shaft Fasten to shaft 
42 5 : 
Wat Dirty Overheating Clean 
ong be Broken Replace with new 
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Lost POWER AND OVERHEATING 


Part at fault 


Trouble 


24 
Manifold 
connections 


25 
Water-pipe 
joint 


Effect 


Remedy 


Poor mixture in one set 
of cylinders with good 
mixture in other set 


Surging or pulsating 


Tighten connections; 
put in new gaskets 


Loose 
Defective gasket 


Loss of water and 


overheating 


Tighten bolts or re- 
place with new con- 
nection 


26 
Spark plug 


Loose in threads 
Defective gasket 


Poor compression and 
overheating 


(See No. 1) 
Screw down tight 
Replace with new 


27 
Combustion 
chamber 


28 
Valve-head 


29 
Valve seat 


Crack or blowhole 
Roughness 
Carbon deposit 


Poor compression 
Pre-ignition 
Pre-ignition 


Fill by welding or re- 
place with new 
Smooth up 

Remove carbon 


Warped, scored, or pitt- 
ed Carbonized or cover- 
ed with scale’ 


Poor compression 


True up in lathe and 
grind to seat 

Scrape off smooth 
with emery cloth 


Warped or pitted 
Carbonized or covered 
with scale 


Poor compression or 
blowback 


Use reseat reamer 
Clean off and grind to 
seat 


30 
Piston rings 


31 
Piston rings 


Loss of spring 
Loose in groove 
Worn or broken 
Slots in line 


Poor suction, leak of 
gas, and overheating 
Poor compression 


Peen rings or replace 
with new 

Loosen rings on pis- 
ton 


Broken because too tight 
Insufficient opening 


Scored cylinder walls, 
overheating in sump 
pan, and, poor com- 
pression 


Replace scored cyl- 
inder if groove is 
deep; use new rings 


32 Loose 
Wristpin Scored cylinder 
33 Carbon deposit 


Piston head 


34 
Piston 


Crack or blowhole (rare) 


Binds in cylinder 
Walls scored or worn out 
of round 


Poor compression 


Fasten securely 
Replace scored cyl- 
inder if groove is deep 


Pre-ignition 
Poor compression 


Overheating 


a ee eee 


Remove carbon 
Replace with new 


Lap off excess. metal 
Replace with new 
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Lost Powmrr AND OvERHEATING.— (Continued) 


Part at fault | 


35 
Cylinder wall 


Trouble 


Effect 


Remedy 


Scored 
Poor lubrication causes 
friction 


Poor compression and 
overheating 


Replace with new 
Lap in cylinder 
Repair oiling system 


36 
Camshaft 
Drive gear 


37 
Crankshaft 


38 
Crankpin 
Bearings and main 

bearings 


39 
Oil sump 


40 
Water space 
and water 
pipes 


Loose on shaft 
Not properly meshed 
Worn or broken teeth 


Irregular valve action 


Fasten to shaft 
Time properly 
Replace with new 


Scored or rough on jour- 
nals 
Sprung 


Adjusted too tight 
Defective oiling 


Overheating Smooth up 
Overheating Straighten 

Adjust to running 
Overheating clearance 


Clean out oil holes 


Insufficient oiling 
Poor oil 
Dirty oil 


Clogged with sediment 
or scale 


41 
Radiator hose 


42 
Water pump 


Layer of hose obstructs 
opening 


Impeller loose on shaft 
Dirty 
Broken 


Overheating and 
burned-out bearings 


Overheating 


Overheating 


Overheating 


Replenish supply 

Use best oil—Mobile 
““A’? recommended 

Wash with kerosene 

Replace with new oil 


Dissolve and remove 
foreign material 


Refit or replace with 


new 


Fasten to shaft 
Clean 
Replace with new 


eee UU dE ISIS EEE EEIESEESSSEEESSS ESSE 
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Noisy OPERATION 


Part at fault Trouble Effect Remedy 
43 Teak Hissi Screw down tighter 
u sing ; 
Spark plug Mob ee | Replace with new 
= = 
44 a = Smooth up or replace 
Cylinder wall peor Bucckme with new 
M one “ Leakage Sh hissi Tighten bolts 
at & Ne Defective gaskets SD es | Replace with new 
joints 
46 
Combustion Carbon deposit | Knocking Remove carbon 
chamber 
47 


Cylinder casting 


Retaining bolts loose 


Sharp metallic knock 


Tighten bolts 


48 
Cam 


Worn contour 


Metallic knock 


49 
Piston head 


Carbon deposit 


Knock 


Replace with new 


Remove carbon 


50 Loose in piston : 
Wrisbpia ee Dull metallic knock 
51 Worn at wristpin | 
crankshaft Distinct knock 


Connecting rod 


52 
Main crankshaft 
bearing 


53 
Connecting-rod 
bearings 


54 
Connecting-rod 
bolts, main-bear- 
ing bolts 


Sideplay in piston 


Replace or bush 


Adjust or replace 
Scrape and fit and oil 


Loose 
Defective lubrication 


Metallic knock 
Squeak 


Fit caps close to shaft 
Clean out oil holes and 
oil 


Loose 
Excessive play 
Binding 


Loose 
Stripped threads 


, Intermittent metallic 


knock 
Knock and squeak 


Sharp knock 


Refit 


Reline 


Tighten 
Replace bolts 


—_—_—_—_—— eee 
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Noisy Oppration.— (Continued) 
Part at fault Trouble Effect Remedy 
55 
Lower half Loose Tighten 
crankcase Stripped threads nook ond rattle New bolts 
bolts 
Dissolve scale and 
56 Covered with scale Knock caused by | flush out water space 
Water jacket Clogged with dirt overheating with water under 
pressure 


57 
Timing gears 


58 
Camshaft bearing 


Loose 
Worn or broken teeth 
Meshed too deeply 


Metallic knock 
Rattle 
Grinding 


Loose or worn 


Slight knock 


Fasten to shaft 
Replace with new gear 


Replace with new 


59 Warped or picted Rattle Use reseat reamer 
: Poor compression Clean off and grind to 
Inlet-valve seat | Dirty 
Blowback seat 
ee ‘ Weak or broken ENS IE SON Replace with new 
Inlet-valve spring reter 
61 Closes late Blowback in carbu- Ti 1 
Inlet valve Opens early reter Pee AL a 
oe : Worn or loose Rattle or click Replace napssnh eh SA) 
Valve-stem guide guide 
63 Q 
Camfollower Loose Rattle or click AOE wahoo 
ji guide 
guide 
Val ee tics Too much Petes re aches Set inlet gap 0.010 
Oren Too little Set exh. gap 0.010 
clearance reter 
65 Rattle 
Push-rod reten- | Nuts loose Blowback in carbu- | Tighten nuts 
tion stirrups reter 
66 : 
: F T It 
Crankcase Leak Oil leak jgpton ee 5 
Replace with new 
gaskets 
67 No oil Grinding and sharp | Repair oil system 
Cylinder or pistop | Poor oil knock Use best oil 


rr 
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Norsy OPERATION.— (Continued) 


Part at fault Trouble Effect Remedy 


Binding in cylinder 


68 Ww ieese: id Grind or dull squeak | Lap off excess metal 
Piston ee Te Cee Is! Dull barraer Replace with new 
69 Insufficient oil Grind and squeak in| Replenish with best 
Oil sump Poor oil ~ all bearings oil 
gy Defective oiling Squeak, hiss, grind Replace With now xg 


Piston rings Repair oil system 


Clean out oil holes 


a1 Defective oiling Squeak Use best oil 
Crankshaft pee 
Repair oil system 
72 Loose on frame Dull pound Tighten bolts 
Engine base 
73 Leak Tighten connections 
Wat : Clogged Engine heats Clean 
CS Defective gaskets Replace with new 
CHAPTER 11 


THE WRIGHT-HISPANO ENGINE 


This type of engine, though now out of production, is still used to 
some extent in commercial planes. It was manufactured in France 
and England, and by the Wright Aeronautical Corporation in the 
United States. 

The “Hisso” engine, Fig. 1, as it is frequently called, is a V-type 
engine but has several peculiarities of design which make it different 
from any other. The cylinders are steel sleeves, solid at the upper 
end, and the valve seats are formed directly in the top of the cylinder 
itself. The outside of the cylinder sleeve is threaded and screws into 
the aluminum casting which looks like a cylinder block but is, in reality, 
only the water jacket for the four cylinders of the block. The lower 
end of the cylinder projects and has a flange by eee the cylinder 
block is fastened to the engine base by studs. 
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Overhead camshafts with liberal-sized cams, act directly on the top 
of adjustable caps over the valve stems. Instructions for setting 
up and handling the engine follow: 

Model I, Wright-Hispano engine is of the eight-cylinder, 90-degrees, 
V-type, water-cooled type. The cylinders are approximately 434 
by 51-inch bore and stroke, and develop 150 horsepower at 1,450 r.p.m. 
at sea level. There are two cylinder blocks, each containing four 
cylinders and forming the water jackets and valve ports, intake and 
exhaust passages. 


Fig. 1.—Wright-Hispano engine. 


The pistons are aluminum castings, ribbed, and provided with four 
narrow rings at the top on two grooves and one oil ring near the bottom. 
The hollow, case-hardened, alloy-steel piston pins are held in the 
pistons by a piston-pin lock ring which acts also as a piston ring. 

The connecting rods are of tubular section; the material, heat-treated 
alloy steel. One rod turns directly on the crankpin, while the other, 
which is forked, turns on the outside of the extended part of the former. 
The upper ends of the connecting rods are provided with bronze bushings. 

The crankshaft is of chrome-nickel steel of the four-throw type, 
180 degrees between throws, machined all over. There are four plain 
main bearings, bronze backed and babbitt lined, and one annular 
ball main bearing at the rear (cranking) end. The thrust for either 
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a tractor or propeller screw is provided for by a double-row ball thrust 
bearing located in the front of the crankcase. The crankshaft is pro- 
vided with a conical seat with key for the propeller hub and is bored 
hollow for lightness and for the oiling system. 

The valves are set vertically in the cylinders along the center of 
each block and are directly operated by a single camshaft located 
over the valves. They are of tungsten steel, with large-diameter, 
hollow stems, working in tight-fitting, cast-iron bushings, provided 
at the upper ends with case-hardened, flat-headed adjusting discs, 
upon which the cams operate and are held to their seats by two con- 
centric helical springs each, either one of which is sufficient, in case 
of breakage to the other, to insure the valves seating properly. 

The hollow camshafts are mounted in three plain bronze bearings 
each and driven from the crankshaft by two vertical shafts and bevel 
gears of hardened alloy steel running in plain bronze bearings. These 
shafts are protected by housings of light steel tubing and each one 
is provided with a screwdriver type of joint near the middle, allowing 
of ready removal of the cylinder blocks without dismounting other 
parts. The camshafts, cams, and heads of the valve stems are all 
enclosed in oil-tight, cast-aluminum, removable housings. The cam- 
shaft is driven by conical gears. 

The oiling of the engine is provided for by a positive-pressure system, 
a sliding-vane eccentric type of pump being mounted vertically directly 
below the crankshaft in the lower half of the crankease and driven 
by the same bevel gear that drives the camshaft drive shafts. This 
pump takes oil through a pipe cast integral with the lower crankcase, 
forces it through a filter also cast in the case and provided with a remoy- 
able screen; and then through other steel tubes cast in the case to three 
of the main bearings. From these bearings the oil enters the hollow 
crankshaft and is distributed to the four crankpins, proper oil holes and 
grooves being provided in the inner connecting rods to distribute the 
oil where needed. The lubrication of the cylinders and of the piston 
pins is provided for by oil thrown off from the rapidly revolving crank- 
shaft. The fourth main bearing is also provided with an oil lead from 
the system, which takes care of the lubrication of this bearing and, 
through tubes running up the end of each cylinder block, provides 
oil for the camshafts. As the camshafts are hollow, the oil is forced 
into them at one end through one of the bearings. Lubrication of 
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the cams is provided by a small hole in each cam and of the remaining 
bearings by other small holes. The excess of oil escapes through 
the other end of the camshaft in the form of a stream and oils the 
driving gears before it returns to the crankcase. 

Ignition is furnished by two eight-cylinder magnetos firing two 
spark plugs per cylinder. One magneto is driven from each of the 
two vertical shafts by small bevel pinions meshing in bevel gears 
mounted directly on the magneto shafts. 

All engines used in seaplanes or planes of the pusher type are equipped 
with a geared-down, hand-crank starting device and, when thus 
equipped, are geared up to a small starting magneto which gives a 
very hot spark at low engine speeds. 


ADJUSTMENTS 


Valve Clearances.—The clearance between the valve discs and the 
cams should be 2 millimeters (0.0787 inch). It is important to check 
this clearance from time to time and correct it if it varies, using the 
special wrench and the gage supplied for that purpose in the equipment. 

Valve Timing.—In case it is necessary to demount the camshafts 
or the gears, the following is the method to use in order to determine 
the opening and closing positions of the valves: 

1. Determine, as indicated above, the clearance between the cams 
and valve discs. 

2. Mount on the taper of the crankshaft a dise 360 millimeters 
(14.1734 inches) in diameter. If this is not available, mark the tim- 
ing on the propeller hub itself, which has a diameter of 180 millimeters 
(7.0867 inches). 

3. Place between the axis of the cylinder groups an arrow which 
will coincide with the rim of the disc or the propeller hub. 

4. On the face of the timing disc or hub flange, mark the top and 
bottom center, with regard to the arrow, and from these marks lay off 
the distances as indicated in the timing diagram (Fig. 2) so that these 
lines correspond exactly to the motor timing. 

When the adjustment of one set is finished, the same procedure 
should be applied for the other, but taking account of the firing and 
timing which is in the following order: 


y 1L-4R-2L-3R-4L-1R-3L-2R 
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For example: We know that cylinder 4R (4 right) intakes after 
1L (1 left); hence, we begin again with the intake opening of 1L and 
by turning the crankshaft 90 degrees (one-fourth revolution) in the 


Fic. 2.—Timing diagram. 


direction of rotation, we have determined the opening of intake valve 
of cylinder 4R. 


Timina DiaGRAM 


Timing 


Length of are taken in diameters 


Of 360 millimeters (14.1734 
inches) 


| Of 180 millimeters 
(7.0867 inches) 1 


Intake opens. . 
Intake closes. . 
Exhaust opens 
Exhaust closes 
Spark advance 


.| 165 millimeters (6. 


2599 inches) 
4962 inches) 
9056 inches) 
2599 inches) 
5197 inches) 


32 millimeters (1. 


150 millimeters (5. 
32 millimeters (1. 
64 millimeters (2. 


16 after top ctr. 
83 after bottom ”’ 
75 before ” dy 
1GFatters top 97 
32 before top” 


! The diameter of the propeller flange is 180 millimeters (7.0867 inches). 


TIMING OF MAGNETOS 


1. Mark the points of maximum advance, as indicated on the tim- 
ing diagram, on the face of the 360-millimeter (14.1734 inches) timing . 
disc or on the propeller-hub flange. 
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2. Turn the crankshaft of the engine until cylinder 1L is nearing 
the end of the compression stroke and the spark advance line on the 
dise coincides with the timing arrow. 

3. Turn the magneto shaft until the distributor brush touches the 
distributor segment, which is marked for cylinder 1L and bolt down 
the magneto. 

4. Loosen the three small bolts which hold the magneto gear to the 
dise and turn the disc until the platinum points of the circuit breaker 
just begin to separate. (Use cigarette paper between the points for 
timing.) Then tighten the bolts. 

The two magnetos should be timed in exactly the same manner, and if 
one or the other of the magnetos is cut out while the engine is running, the 
number of revolutions of the engine lost should be the same (about 20). 

Spark-plug Connections.—The distributor diagram (Fig. 3) facilitates 
the connection of spark-plug wires. 


Fic. 3.—Wiring diagrams. 


All spark plugs located on the intake side of the cylinders are 
wired to the right-hand magneto, while the plugs located on the exhaust 
side are wired to the left-hand magneto. If there is any misfiring, 
this arrangement makes it very easy to find which side has the bad 
spark plug. 

OPERATION 

Running the Engine.—Never ‘load’ the engine immediately after 
starting it. Particularly in winter, allow it to operate at partly closed 
throttle, or about 800 r.p.m. 

In very cold weather, it is advisable to stop it after 3 or 4 minutes’ 
operation and wait a little time until the heat communicates to all 
parts of the crankcase, in order to render the oil thinner. 
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The engine is controlled by the gas throttle and is found to start 
best with a very small opening. The throttle lever should be about 
3{¢ inch from the stop screw. The second control is designed to . 
correct the variations in carburetion required at the different altitudes 
where the engine is to operate. 

One should determine a fixed point, before each start, of the best 
position for the altitude control (that which corresponds to the greatest 
number of revolutions). That position generally is satisfactory up to 
1,000 meters (3,280 feet). Above that, it is necessary to make correc- 
tions, always, of course, determined by the revolution counter. 

Starting the Engine——It is best to prime the engine through 
the petcocks on the intake pipes when starting the engine cold. If the 
engine is warm, no priming should be used. The choke valve of the 
carbureter should be raised as far as possible, and with the carbureter 
flooded and set as before referred to for starting, the engine should 
then be turned over at least two complete revolutions, the choke set 
back in the normal position again, and it will then be ready to start off. 
Never prime the engine when it is warm. 


LUBRICATION 


Notice.—If, in starting a new engine which is being run without 
an oil radiator, the oil pressure does not register, make sure that the 
end of the oil-pump suction pipe is not closed with a brass plug. This 
can be examined by removing the plug in the bottom of the lower 
half of the crankcase. 

Before each start, be sure of the level of the oil in the crankcase 
with the aid of the gage plugs placed for this purpose in the sump. 

The normal level corresponds to the height of the second plug, 
giving about 10 liters (2.64 gallons) in the éase. 

The oiling of all parts of the engine is automatic, under pressure. 
The magnetos need several drops of oil in the oil feed every 20 hours. 

A good lubricating oil or some good grade of castor oil is recommended. 


MAINTENANCE 


After 5 hours’ running, the distributor blocks of the magnetos should 
be cleaned to avoid any skipping or missing in their operation. The 
brushes of the high-tension distributor should be oiled, preferably 
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with lubricating oil; likewise, the path of the brushes in the distrib - 
utor block should have a coating of oil. This prevents the scattering 
of carbon dust in the distributor blocks, which causes short circuiting 
or firing in the wrong cylinder. 

After 10 hours’ running and before each important flight, clean 
the spark plugs (with alcohol if they are greasy from castor oil), the 
magneto distributors, and the oil filter. 

Every 20 hours clean the gasoline strainer and the water filters. 

Every 50 hours clean out the combustion chambers after the cylinders 
have been taken off; grind the valves. Never unscrew the cylinders from 
the water jacket. After reassembly, be sure that the timing is correct. 


PRECAUTIONS TO TAKE UNDER FREEZING CONDITIONS 


The circulating water can be kept from freezing by adding 25 per 
cent of glycerin. Without that precaution, it is necessary to drain 
the water each night. 

In order to facilitate starting in the morning and freeing (ungum- 
ming) the rings, it is advisable to give, while the engine is still hot, after 
the previous run, several shots of kerosene through the petcocks of the 
inlet manifolds and turn the propeller over several times. 


RECOMMENDATIONS FOR ATTACHING PROPELLERS 


Always put the keyway of the hub in the axis of the blades. Start- 
ing the engine by cranking the propeller is facilitated if the propeller 
is keyed in that position which is the most favorable for ‘carrying 
over compression.” More than that, this position has been adopted 
for adjustment of the layout for firing the machine gun through the 
propeller. That recommendation, then, becomes very important. 

The mounting of the hub on the taper of the crankshaft requires 
very particular precautions; the hub supplied with each engine has 
been fitted to its taper; do not omit that operation in case of replace- 
ment of the hub. 

Before mounting, be sure that the parts fit perfectly and are lubricated 
with tallow or oil and graphite. A bad fit rapidly develops play and, 
if run in this condition, will do great damage. 

A faulty balance of the propeller always causes vibration. As 
soon as one encounters this condition, correct the balance with care. 
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RECOMMENDATIONS FOR INSTALLING THE ENGINE IN 
AIRPLANES 


The engine should be anchored on a rigid support which must be 
straight and smooth, where the engine is fastened on, and should be 
lined with fiber. 

Housing-in of the Engine.— Whenever possible, the camshaft housing 
covers should be left exposed; their disassembly is then very easy, 
and this arrangement permits the constructor to cut down the size 
of the cowls. If, in certain cases, the engine is mounted without 
any cowls, some method of sheltering the magnetos should be pro- 
vided for. 


PARTS TO WHICH EASY ACCESS AND EASY TAKE-DOWN IS 
DESIRABLE 


Magnetos—spark plugs—oil-level plugs—oil filters—crankease breath- 
er tube cap. 

Carbureter.—Air should be taken in the outside by a leakproof 
tube and made with a minimum inside diameter of 90 millimeters 
(3.5434 inches). At the lower part of the carbureter is a nipple, to 
which a small tube should be fastened, which lets the gasoline run 
off, this tube discharging far enough to the rear under the airplanes 
(as far away from the exhaust as possible). 

In addition to the throttle valve controlling the speed of the engine, 
there is also installed in the pilot’s cockpit another control operating 
the altitude-corrective mechanism of the carbureter. 

There should be, also, as close to the engine as possible, a cock enabling 
the pilot to shut off the gasoline supply. 

Water Circulation.—It is important in any case, that there be a 
sufficient head of water above the highest part of the cylinder water 
space. This head should never go below 30 centimeters (11.811 inches); 
when two side radiators are used, they should be joined, if possible, 
by a communicating tube on top. The circulating system should 
have at its highest point a small expansion tank with a level cock, 
which avoids complete refilling of the tank. The space in the tank 
above the level cock should not have less than 3-liter (3-quart) capacity, 
to allow for the expansion of the water. It is indispensable to locate, 
in an accessible manner, a filter between the cylinder outlets and each 
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radiator, to stop sediment in the water which deposits in the jackets 
and tends to clog the radiators. 

The delivery of the water pump is in the neighborhood of 100 liters 
(26.41 gallons) per minute at 1,400 r.p.m. The difference between the 
inlet and oulet temperature of the water is about 10° C. (20° F.). 

Oil Tank and Cooling of Oil.—If the engine is mounted on a machine 
intended to make flights of more than 3 hours, it will be necessary 
to install an oil reservoir, allowing 2 liters (2 quarts) of oil used per 
hour. 

This tank may be used as an oil-cooling radiator. 

In this case, the suction pipe in the pump must, of necessity, be 
plugged. (A brass plug, which is furnished, may be screwed into the 
taped end of the oil intake by removing the sump drain plug.) 

Connect the bottom of the oil radiator by a pipe to one or the other 
of the oil plugs located in the rear of the crankcase, on the intake side 
of the oil pump. The return to the radiator is made by a pipe joined 
to the sump drain plug. 

These suction and delivery oil pipes should have an inside diameter 
of 14 millimeters (0.5512 inch) for the suction pipe and 28 millimeters 
(1.1024 inches) for the return; the radiator tubes, at least a 10-milli- 
meter (0.3937 inch) inside diameter. 

It is always necessary to equip the top part of the reservoir with 
a plug for the release of air when refilling. 


SECTION V 
TROUBLE SHOOTING FOR AIRPLANE ENGINES 


Preliminary Knowledge.—To be able to shoot trouble successfully 
and systematically it is necessary to know: 


1. The general design of the motor, the magneto, and the carbureter. 
2. The direction of rotation and firing order. 
3. What the motor is supposed to perform—the highest r.p.m.; lowest 
r.p.m.; the oil pressure; correct running temperature; pick-up. 
4. Degree of vibration at various speeds. 
. The valve clearance. 
. The correct spacing of the spark-plug electrodes. 
. The correct spacing of the magneto contacts. 
. The approximate size carbureter jets. 
. The air pressure used to force the gasoline. 
. The “feel” of the compression by turning the propeller, 
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Knowledge of Symptoms Required.—One who is not entirely famil- 
iar with engine construction will very rarely locate the troubles by 
haphazard experimenting. It is only by knowing the symptom, the 
causes of the symptom, and by systematically eliminating the causes 
or probable causes until the trouble is corrected that success is obtained 
when trouble shooting. 

Local and General Troubles.—There are two kinds of trouble: 
(1) local and (2) general. Local trouble is confined to one or two 
cylinders or to one block of V-type engine. A dirty spark plug, for 
example, is a local trouble. It will cause one cylinder to miss but 
cannot affect the other cylinders. General trouble intermittently 
“skips” from one cylinder to another or affects all the cylinders, causing 
missing or a complete shutdown. A leaky intake mainfold, for example, 
is a general trouble. It will cause all cylinders to miss, and if really 
bad, can prevent starting, 
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Sources of Trouble.—There are three main sources of trouble: 


1. Carburetion. 
2. Ignition. 
3. Compression. 


Other troubles might be called subtroubles. Example: An exhaust 
valve not seating is a local subtrouble of the main trouble, compression. 
Dirty contacts might be called a general subtrouble of the main trouble, 
ignition, because it is an ignition trouble and causes a general miss of the 
motor. 

A Symptom.—The symptom of the trouble is the effect the trouble 
causes or the condition of the motor caused by the trouble. 

Main and Subtroubles.—The first thing to be determined when 
trouble shooting is: What main trouble does the symptom indicate? 
Then: What subtroubles could cause the main trouble? 

Order of Classification —The main troubles will now be classified - 
under Carburetion, Ignition, and Compression and an endeavor made 
to show the subtroubles, giving the method used to determine the 
trouble, the systematic elimination, and remedy. 


CARBURETION 


When General and Subtroubles.—Troubles of the carbureter are 
usually classed as general troubles, but on the V-type motor, where 
twin carbureters are used, they may be classed as local troubles when 
one block is affected. 

Usual Symptoms.—The usual symptoms of carburetion trouble 
are a lean or rich mixture. When the mixture is lean, backfiring may 
be noticed in the carbureter and the motor will be found to fail to 
turn up to the proper r.p.m.; when distinctively rich, a rolling, irreg- 
ularly running motor and exhausting black smoke, which has an 
offensive odor. 

Indications of Lean Mixture.—To determine if the mixture is lean, 
close the choke valve partly. Notice speed of the motor if the speed 
increases. If it does increase, it is a positive sign that insufficient 
gasoline is being supplied the motor. Most mechanics at this stage 
would change the carbureter jets. In doing so, the motor would have 
to be restarted and tested again. To save the time of starting the motor 
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several times, start systematically and trace the gasoline from the tank 
to the jets in the following manner: 


. How much gasoline is in the tank? 

. If pressure is used, what is the pressure? 

If no pressure is used, is the air vent open in the tank? 

. Is the gasoline line or the filter stopped? 

Is the float level-high enough? 

Any water in the carbureter or the system? 

Is the pressure from the float chamber to the jets stopped? 

. Are the jets stopped? 

. Any. air leaks in intake manifold or its connections? If, after trymg 
all the above subtroubles of the main carburetion trouble, a remedy is not 
found, then it is permissible to increase the size of the jets, which will 
undoubtedly cure the trouble. 
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Indications of Rich Mixture.—To determine if the mixture is rich, 
open the altitude adjustment slightly or hold the needle valve down 
tight. Notice the motor speed; if the speed increases, black smoke 
decreases, and the motor runs regularly, then the mixture must be 
rich. Since there is too much gasoline, the supply from the tank to 
the jets must be sufficient, but if the pressure were too great, it would 
cause the carbureter to flood, and we know that flooding will cause 
a rich mixture by causing too much gasoline to overflow the proper 
jet level. 

Tracing Too Rich a Mixture.—Use the following system to trace 
the cause of rich mixture: 


1. Is the pressure too great? 

2. Is the float valve seating properly? 

3. Is the float air tight? 

4. Are the jet gaskets the proper thickness’and in good condition? 

5. Any other reason for flood, such as poor casting? 

Notr.—All the above subtroubles would cause flooding and, in turn,a 
rich mixture noticeable mostly at low motor speeds. 

If no flooding is noticed, try: 

6. Is the main air passage stopped? 

7. Is the choke valve partly closed? 


Notre.—After eliminating all the above subtroubles and still finding 
no cure, then decrease the size of the jets, and the trouble will be 
remedied. . 
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Apply Only Usual Process in Case of a Lean Mixture.—If, after 
trying the method prescribed for a lean mixture (see p. 281), no speed 
increase is noticed, do not attempt any elimination of carbureter 
troubles, because of the other troubles that give the same symptoms, 
but do not respond to the same method of determination given. Exam- 
ple: An air leak in the intake manifold or its connections will cause 
trouble by diluting the mixture in the manifold, especially at low motor 
speed, when the vacuum in the manifold is the greatest and also because 
a lesser quantity of mixture is flowing through the manifold. 

Symptom Similar to a Lean Mixture.—Crossed magneto distribu- 
tor wires will, at times, give a lean-mixture symptom but are recog- 
nized by the motor missing locally on two or more cylinders and, 
should the spark occur while the intake valve is open, will give a sharp 
backfire in the carbureter. 

Inlet Valves Holding Open.—An intake valve could cause trouble 
similar to a lean mixture by sticking in its guide or by not closing pro- 
perly, causing also a dilution of the mixture in the manifold and, in 
turn, a general miss. 

Improper Exhaust-valve Timing.—An exhaust valve not opening 
properly would cause a back pressure when the intake valve opened 
and possibly cause backfiring at high speeds. It will give a lean- 
mixture indication but will not respond to the method previously stated 
to determine when the mixture is lean. 

Preignition.—Preignition caused by carbon or a mistimed spark will 
sometimes cause backfiring by igniting the mixture when the intake 
is open. 

General Mistiming of Valves.—The camshaft set too early will 
cause backfiring. If the exhaust valve closes and the intake opens 
before the piston has reached top center and before the burning gases 
are exhausted, then the mixture in the manifold will ignite and backfire. 

Improper Compression.—Poor compression in one or more cylinders 
will give a lean-mixture symptom, especially at low motor speeds, 
but cannot be remedied by the lean mixture test. 

Overoiling.—Too much oil in the cylinders will give a similar symp- 
tom to that of a rich mixture, making the motor roll, run irregularly, 
and emit a volume of blue smoke, especially after the motor has been 
throttled down some time. The burning oil will saturate the mixture. 
Speed the motor and then throttle down gradually. If the motor 
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continues to miss when throttled slowly, it may be a combination of 
both a rich mixture and too much oil, in which case, test for a rich 
mixture and decrease the oil pressure. If the motor runs for some 
time without missing when slowed down, that indicates that the mix- 
ture is good until saturated with oil, in which case, decrease the oil 
pressure. 

Low Volatility of Gasoline.—A poor grade of gasoline will make 
the motor hard to start, overheat it, and possibly cause backfiring 
at high motor speeds, also throttle very poorly. If the motor must 
be started and better gasoline is not available, saturate a clean rag 
with gasoline so that the gas will not drip from the rag and place the 
rag in the main air intake of the carbureter; open the throttle about 
a third of the way. Then start the motor and withdraw the rag when 
it runs fast enough to carry on. This method will allow the lighter 
gases to be drawn from the rag and usually works very weil. The 
reason that poor gasoline makes the motor heat and backfire is because 
it is slow burning. It continues to burn when the intake valve is open 
and ignites the incoming charge of gas. 

Occurrence of Water.—Water in gasoline is of common occurrence. 
It will, if enough is present, make the motor impossible to start. When 
the motor is running, it will cause backfiring at high speed and cause 
stopping or missing when the motor is throttled. Water is heavier 
than gasoline and cannot be drawn through the jets by the same vacuum 
as gasoline. If only a small quantity, it can sometimes be removed 
by speeding the motor and clogging the choke when the motor is at 
speed. This will create a higher vacuum on the jets and draw the 
water through. Before the motor stops, open the choke and respeed 
to clean out the rich mixture. This should never be done if the motor 
is really cold, as the unburned gasoline due to the clogging on the choke 
will collect in the cylinders, destroy the lubrication of the cylinder 
walls, and possibly cause scoring. It will also work past the rings 
and dilute the cylinder oil. Do not rest until all the water is removed 
from the gasoline supply system. 

Air Leaks in Manifold or Its Connections.—Leaks commonly occur 
at the joints and are caused by faulty gaskets, neglect to place gaskets, 
or faulty machining of the manifold flanges, preventing their being 
drawn tightly together all around the passage. The best gasket is a 
soft, compressible, and tough material. Rubber or ‘asbestos gaskets 


TROUBLE SHOOTING FOR AIRPLANE ENGINES 285 


should not be used, as the gasoline will deteriorate them and cause 
leaking. Gaskets should never be more than 1g inch thick. Thicker 
gaskets may cause the flanges to become sprung and cause a leak. 

Worn Intake-valve Stems and Guides.—These commonly occur 
in older engines and affect the mixture at low motor speeds, causing 
missing and stalling. 

Importance of Air Leaks.—Too much importance cannot be attached 
to air leaks, as a seemingly insignificant leak will cause serious difficulty 
in starting the engine and make it very sensitive to stalling. Should 
an engine stall while being flown close to the ground, it may place 
the aviator’s life in danger and cause a serious accident. 

Carbureter Changes.—It is essential to go over the entire engine 
before attempting any carbureter change, unless, of course, the action 
is such as to point directly to the carbureter. 

Gasoline Economy.—Economy of gasoline is very important in air- 
planes, due to the limited carrying capacity. A gallon of gasoline saved 
may save the lives of the men flying. Therefore, it is important to keep 
the mixture as lean as possible and still obtain the motor’s maximum 
r.p.m. 

Changing Choke and Jets.—The following points are to be considered 
in changing the choke tube or jets: 


1. If the choke tube is too large, the pick-up will be defective and cannot be 
bettered by the use of a large compensator. The motor will have a tendency 
to load up and at high speed run irregularly. 

2. If the choke tube is too small, the effect is to prevent the motor from 
taking a full charge when the throttle is open fully, and the motor will not 
develop its proper r.p.m. 

3. If the main jet is too large, irregular running, a characteristic smell 
from the exhaust, carbon, sooting of spark plugs, and excessive consumption 
of gasoline are the result. 

4, If the main jet is too small, the results are a lean mixture at high speed, 
backfiring, and low r.p.m. 

5. If the compensator is too large, there will be the same indications as 
in the case of the large main jet, except that the fault shows up at the lower 
motor speed. 

6. If the compensator is too small, there will be a poor pick-up, a lean 
mixture at moderate speed, the motor will miss and try to stall at half- 
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Ability for Prompt Adjustment.—Do not play with the carbureter a 
long time. Carbureter trouble should first be determined and then 
adjusted. The adjustment should never take longer than it is necessary 
to take out the old jets and replace new ones. 


IGNITION 


Classification.—Ignition is classified as either general or local trouble. 

Determination.—To find ignition trouble, first determine in what 
class the trouble is. 

Occurrence of Local Trouble.—Local trouble is usually confined to 
one cylinder, although it may occur on two. 

Local-trouble Test.— After classifying the trouble, if it is local trouble 
on the cylinder, take high-tension lead from the spark plug, hold within 
4g inch of the cylinder, observe the spark. (Test made with engine 
running.) If the spark jumps the gap, then stop the motor, take the 
spark plug from the missing cylinder, and change with the plug from 
another cylinder which did operate well, put the plug taken from the 
missing cylinder in place of the other plug. Start the motor and retest. 
If the miss changes to the cylinder where the plug was placed from the first 
missing cylinder, then the trouble is thespark plug. If the same cylinder 
continues to miss after the plugs are changed, then the miss is not due to 
ignition trouble. Examine the valves for clearance and compression. 

Case of Short-circuited Distributor Block.—If, when the wire is held 
1¢ inch from the ground no spark or a very weak spark is observed, then 
disconnect the same high-tension wire at the magneto and see if the 
magneto is delivering a spark to that wire. If it is, lead wire is 
short-circuited. If it is not, and all other cylinders are receiving their 
proper sparks, then the trouble must -be a short-circuited distributor 
block. This may be due to oil on the face of the block and to an internal 
short-circuit. Clean the block and try. If still bad, try a new block. 

Local Incorrect Wiring.—When trouble is a two-cylinder local miss, 
it may be due to dirty spark plugs, short-circuited wires, or short- 
circuited distributor block but is most commonly due to the wires 
being attached incorrectly. 

Spark Plugs.—Spark plugs can give local misses only but are some- 
times very difficult to locate when missing only once in a great while. 
If the electrodes are set too far apart, the motor will be hard to start 
and will miss at high speeds;, if too close, it will start easily but will 
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throttle very poorly. <A setting of 0.018 to 0.025 is about correct for 
airplane motors. If the magneto is weak, they may be set as low as 
0.010, but the magneto should be repaired or replaced as soon as possible. 
If the motor has a tendency to oil the spark plugs, a close setting will 
be found to keep the plugs clean longer. 

Removing Porcelains.—Cracked porcelains are frequently due to 
carelessness of the mechanic. When taking plugs apart, the body of the 
plug should be held in a vise just tight enough to keep it in place, get a 
wrench that fits the porcelain binding nut, a socket wrench if possible, 
and be sure that the wrench does not slip. 

When cleaning the porcelains, never use emery cloth or sandpaper, 
as elther will scratch off the gloss, roughen the surface, and make the 
porcelain more susceptible to carbon. When putting a plug together, 
a new inside gasket should be used. Tighten the binding nut carefully, 
tightly enough to prevent leaks but not so tightly that the heat of the 
motor will expand the porcelain and break it. The reason a new gasket 
should be used is that it will prevent leakage without being tightened 
as tightly as an old one and allow more room for expansion. A new 
outside gasket should also be used for the same reason. Nothing will 
cause a plug to go bad more quickly than a leak around the porcelain, 
as the hot gases will overheat it and crack it. 

Cleaning Plugs.—Plugs should be kept clean of carbon. It is impos- 
sible to keep the plugs very cool with water circulation, and a small 
particle of carbon may become incandescent and preignite the mixture. 
It is more difficult to clean spark plugs that do not come apart. To get 
good results, soak the plugs in kerosene, then scrape off the carbon and 
wipe dry. 

Setting Electrodes.—Care should be taken not to bend the electrodes 
unless it is necessary to adjust them. They become brittle with age 
and break very easily. They should be scraped and examined very 
closely for defects of crystallization, and if burned badly, should be 
discarded. Porcelains should be examined thoroughly and replaced 
if they show any signs of being cracked. ; 

General Trouble.—General ignition trouble may cause any cylinder 
to miss or cause failure of the motor to start. 

Magneto Case.—When a high-tension magneto is used, the following 
trouble-shooting system has been used successfully in finding general 
ignition troubles 
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High-tension Magneto System.—Disconnect all spark-plug wires. 
Hold one or more within 1¢ inch of the cylinders. Have another man 
crank the motor over quickly as if to start it. Notice the size and color 
of the spark. If the spark jumps the gap and seems “fat,” that is, 
if it has plenty of volume and appears to flame, the ignition system is 
no doubt all right as far as general trouble is concerned. If the spark 
appears ‘‘thin,” only’a faint blue spark without any volume, or if no 
spark appears, then the magneto is at fault. The next test should be 
made off the collector ring or from the lead from the high-tension 
winding before the current is led to the distributor. Take a piece of 
high-tension wire, fasten one end to the engine so that it will ground, 
hold the other end about 1¢ inch from the collector ring or high-tension 
winding lead, and have another man crank the motor. If the spark is 
good, then examine the collector brush, the safety gap, the rotor pencil, 
the rotor, the rotor brush, and the distributor block for leakage to the 
ground or for poor contact. If no defect is found, replace each part with 
a new part until the trouble is remedied. A small leak is sometimes 
very difficult to find, and the replacing of parts will climinate time. 
Go over the timing of the distributor in relation to the armature. The 
distributor brush should just make contact on the block segment with 
the spark retarded, when the contacts open and when the magneto 
is turned in the direction of rotation. If, when testing the high-tension 
circuit, no spark is delivered, then the trouble may be in the primary 
circuit. The primary is usually more often at fault than the secondary. 
All high-tension magnetos are made to furnish a spark when the switch 
is open. The primary circuit is grounded when the switch is closed. 
Should the wire from the breaker box to the switch become grounded, 
it would ground the magneto whether the switch were open or closed. 
Likewise, the switch itself may become short-circuited. The usual 
way to connect the ground wire to the primary circuit is through the 
breaker-box cover and it is insulated from the cover. Should this insula- 
tion become defective, the magneto may become grounded. To elimi- 
nate the breaker-box cover, the ground wire, and the switch, disconnect 
the breaker-box cover, be careful while cranking, and test for spark 
again at high-tension lead. If a spark is obtained, connect the breaker 
cover without ground wire and switch; try for spark. If there is no 
spark, then the trouble is in the cover. Attach the ground wire and 
switch in like manner if the coyer is all right, until the trouble is located. 
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If, after eliminating the switch, ground wire, and breaker-box cover, 
no spark is obtained, then examine the breaker box. Clean the contact 
points, give proper clearance, make sure that they make proper contact. 
If the breaker points revolve, as they do on some types of magnetos, 
remove the primary contact screw before setting breaker clearance. 
This primary contact screw has two functions to perform: to hold the 
breaker assembly in place and to carry the primary current from the 
primary coil to the breaker points. It is insulated, therefore, by a fiber 
washer. Examine the washer for cracks. Should it be cracked and 
enough oil and dirt be in the crack, then the primary circuit will be 
grounded and no spark can be produced. Examine the insulating 
washers of the breaker arm and screw. Examine the ground brush 
in back of the breaker assembly. Replace the breaker assembly and 
primary contact screw, clean contacts, and adjust to the proper clearance. 
Test to see if the trouble has been located. If it has not been remedied, 
test for condenser trouble. 

If several of the “plates” of a condenser become disconnected from 
the others, an arcing at the breaker points will be seen when the motor 
is cranked. This is a sure sign of condenser trouble. If the condenser 
“plates” are grounded, no spark will occur at the breaker points, and 
neither will a high-tension spark be produced. The only thing to do in 
this case is to try a new condenser and test for spark. If spark is still 
lacking, remove the magneto from the motor, test the magnets for 
strength and for reversed polarity. The magnets, if good, should hold 
each other when the opposite poles are placed together and held by one 
magnet horizontally. The magnets should never be left off the magneto 
unless a keeper is placed across the ends to prevent them from demag- 
netizing. The placing of magnets end to end so that they will attract 
each other, or the opposite poles together, will serve the purpose of 
retaining the magnetism. The strength of the magnets can usually 
be determined before the disassembly of the magneto by the feel of the 
resistance offered by the magnets when the magneto is turned by hand. 
If the magnets are found to be weak, assemble the magneto and send it 
to the magneto repair department for an overhauling. If the magnets 
are good, then the trouble must be in either the primary or secondary 
winding, in which case, send the magneto to the magneto repair depart- 
ment. Or put in a new armature shaft or replace the induction coil, 
depending upon the design of the magneto being repaired. 
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COMPRESSION 


Classification.—Compression trouble can be local or general: local, 
when the valves or rings of one or several cylinders are bad; general, 
when the grade of oil is poor or when the camshaft is out of time. 

When Poor Compression is Noticeable.-—Poor compression in 
several or all cylinders is most noticeable when the motor is throttled 
down. Unless several or all cylinders are very poor, very little differ- 
ence will be noticed in the r.p.m. 

Methods Employed.—There are two ways to determine which 
cylinder is lacking in compression. 


1. Turn propeller, notice valves, and watch which cylinder is compressing. 
2. Take out all spark plugs, insert one, try compression of that cylinder. 


Then take out plug after test and try another cylinder, and so on, until all 
are tried. 


Warm Motor before Testing.—To test all cylinders, warm the motor, 
make sure that it is safe—it is best to disconnect all spark plugs—and 
turn the propeller in thé direction of rotation, noticing the resistance 
offered by each cylinder as it compresses. All cylinders should cause 
equal resistance. 

Further Inspection through Good Compression.—If all cylinders 
have an equal amount of compression and the resistance noticed is 
correct for the type of engine worked on, further inspection is still 
necessary. An exhaust valve so gummed or carbonized as to close 
slowly when the motor is running is a cause of trouble, sometimes not 
found when turning the propeller by hand. It is usually noticed by a 
popping sound in the exhaust. If no popping sound is noticed, the * 
“feel,” when cranking, is good, and the motor throttles equally on all 
cylinders, then the compression may be considered good. 

When to Examine Timing.—If the ‘‘feel,”’ when turning the propeller, 
is poor on all cylinders, examine the timing and clearance of valves, and 
if they are not right, correct. If right, remove all spark plugs and 
insert a small quantity of cylinder oil in each cylinder, replace the plugs, 
and try again for compression, if compression is improved. Remove a 
small quantity of oil from the sump for examination. If the oil appears 
good, then the trouble may be due to too much gasoline in the cylinder 
from overpriming. In each case, the insertion of oil through the plug 
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hole is all that is necessary. If the oil is black, feels gritty, and seems 
very thin, replace with fresh oil. 

The Case of Piston Rings and Excessive Oiling.—Poorly fitted or 
broken piston rings usually show up on one or several cylinders by 
pumping cylinder oil and are usually detected when turning the pro- 
peller. Piston rings can be fitted to hold compression and yet pump oil, 
so lack of compression cannot be blamed on the rings when pumping oil, 
unless the valves are known to be good. In case of broken rings or 
rings pumping excessive oil, the motor will have to be removed from the 
plane and overhauled. 

Excessive oiling of one cylinder may be due to several causes. 


1. If the rings fit the walls poorly. 

2. If the rings fit the piston grooves poorly. 

3. If the cylinder is scored. 

4, If the valves are not seating properly. 

5. If the connecting-rod bearing of that cylinder is very loose, or the oil 
grooves very deep, excessive oil will be thrown up in the cylinder where the 
pressure-feed system is used. This is noticed on V motors, when two 
cylinders opposite each other give the same symptom of overoiling. 

6. If the valves are not operating properly. 

7. If the pistons are poorly fitted. Pistons, when too loose, will allow 
too much oil on the cylinder walls, and this oil will force by the piston rings, _ 
giving the impression that the rings are bad. Poorly fitted pistons usually 
give a rattling sound when the motor is throttled or running at moderate 
speed. Overoiling usually results in poor compression by carbonizing the 
valves and causing them to seat improperly, 


Carbonized Valves.—Carbon on the valves is the most common of 
compression troubles. It is due to overoiling, a rich mixture, or a 
natural deposit from long service without cleaning. It is impossible 
to prevent this deposit, but it may be decreased by keeping the mixture 
as clean as possible, using good oil, changing the oil often, and injecting 
kerosene into the combustion chamber while the engine is warm after 
each flight. 

Warped or Burned Valves. Warped valves are usually due to an 
excessive deposit of carbon on the face of the valve, poor material in the 
valve, or the stopping of a motor while very hot. A motor should 
never be stopped immediately after running at full throttle but should 
be throttled down until it cools gradually to its normal heat. Rapid 
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cooling of a motor is just as harmful as rapid heating. Rapid cooling 
usually results in warped valves. Burned valves are the result of 
running a motor which has warped or carbonized valves. Burned and 
warped valves can also be the result of being poorly ground in. 
Should a slight leak be left, the burning gases, when on the power stroke, 
will rush through the opening and, in time, make the opening much 
larger. a 

Slow-burning Mixture.—A slow-burning mixture caused by poor- 
grade gasoline, a lean mixture, or a rich mixture will cause valve trouble, 
overheating the motor and leaving a carbon deposit. 

Overheating.—Poor-grade oil, a rich mixture, a lean mixture, late 
spark, a new or tight motor, and lack of water or poor circulation 
usually give valve trouble first and ruin the complete motor in short time. 

Weak Valve Springs.—Weak valve springs usually occur on the 
exhaust side from overheating. They are most noticeable at low 
motor speed. When on the intake stroke, if the exhaust-valve spring 
is weak, the suction created by the downward plunge of the piston will 
cause the valve to open partly, and a portion of burned gases will be 
drawn in from the exhaust manifold, causing a dilution of the mixture 
and a poor explosion. They can usually be detected by a popping 
sound in the exhaust manifold. If a screw driver is placed under the 
spring and more tension created, the cylinder giving trouble can be 
located by the ceasing of the popping noise. 

Defective Camshafts.—Defective camshafts are very rare and very 
difficult to diagnose on account of the many symptoms that they can 
create. Should one be suspected, check the timing of each cylinder 
separately. 

Defective Valve-operating Mechanism.—Defective valve-operating~ 
mechanism, such as a defective cam follower, is rare and hard to locate. 
It usually shows up when it is impossible to get the proper valve timing. 
Tight rocker-arm bearings will cause the valve to hold open too long 
and result in a general miss when an intake valve is affected and a 
local, when an exhaust. 

Conclusion.—We have now gone over a few of the most common 
troubles and explained their separate symptoms and causes, but in a 
great many cases, when trouble shooting, it will be found that several 
troubles will happen at the same time, and perhaps a complicated 
symptom will be the result. In such a case, it will meah that the trouble 
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will be harder to diagnose and locate. Should a complication of troubles 
be suspected, time will be saved by making a complete inspection of all 
units. Trace out the ignition system, gasoline supply, compression, 
valve timing, etc. Eliminate troubles as found, and when all are thought 
to be found, then start the motor. If proper inspection has been made, 
the motor should, after a few slight adjustments, run perfectly. 


ENGINE INSPECTION BEFORE FLIGHT 


Airplane engines must be inspected before each flight in a systematic 
way, that takes little time but covers everything thoroughly and effi- 
ciently. The inspector must keep in mind at all times that his inspect- 
ion is not only to eliminate troubles which are found but also to prevent 
troubles occurring. The old saying, ‘‘An ounce of prevention is worth 
a pound of cure,” applies especially well to airplane inspection and 
should be followed. 

The first requirement of an airplane mechanic is reliability—there 
must be no guess work about anything that is part of an airplane— 
everything must be right before the machine is permitted to leave the 
ground. 

Although the general principle of airplane engines is the same, each 
has its own peculiarities which must be memorized by the inspector. 
He must know engines in general and as many different types as possible. 
Before starting engine, check as follows: 

Ignition System.—Trace ground wire from magneto to switch, examine 
it for shorts or places where it may be chafed or likely to chafe or short. 
Examine switch for proper action. Take off breaker-box cover and 
watch operation of breaker as motor is turned over by hand. Clean 
points and reset if necessary. Be sure there is not too much oil in box; 
it should be dry except for a thin coating on the cam. Wipe out distri- 
butor block with clean cheesecloth that has a few drops of thin oil on it. 
If distributor segments are burned or blackened, rub off black with a lead- 
pencil rubber. Examine pencil for cracks and shorts. Examine pencil 
brush for proper contact; if burned or glossed, use fine sandpaper and 
sand off until gloss disappears and brush makes proper contact. Exa- 
mine collector brush and sand down if necessary. If brush is worn 
short, replace it. All wires must be tight in their connections and con- 
nections tight in distributor block and locked in place. Take out spark 
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plugs, clean, examine for broken porcelains, and set gaps. Set plugs 
aside until valves have been checked, as it is easier to turn propeller with- 
out compression in cylinder. Examine breaker-box advance and test 
mechanism (if used) for free and proper performance. Try for spark 
by holding several wires about }¢ inch from cylinder and spin propeller 
(plugs out). All connections must be tight and clean. All oil-soaked 
wires must be replaced. Wires must not chafe or be placed near 
exhaust ports or pipes. Wires must not be stretched so tight that 
vibration of motor breaks or pulls off connection. See that no strands 
are broken where wire is attached to plugs. Go over timing and check 
for proper setting. 

Compression System.—Check opening and closing of each valve and 
regulate clearance accordingly. See that valve mechanism is working 
properly and that rocker arms and valves work freely. Make sure 
that tappet adjustments are securely locked. Test tension of valve 
springs. Replace spark plugs and try compression by rotating propeller. 

Gasoline System.—Examine tank setting and see that it is full. Ex- 
amine tank for leaks. If gravity system is used, check air vent. If 
pressure, see if tank holds pressure. Squirt a few drops of oil around 
tank-filler cap and around pressure regulator and watch for leaks. 
Inspect gasoline line for leaks. Take plug from sediment trap and 
inspect for water and unusual amount of dirt. Replace plug. Dis- 
connect gasoline line at carbureter and inspect flow of gasoline. Replace 
line, remove plugs under compensator jets, and let gasoline flush through. 
Turn off gasoline, remove jets, and check if proper size for motor. 
See that jet gaskets are O. K. Should any water be found in system, 
drain all gasoline and strain through chamois skin. Try out throttle 
controls for full opening and closing. Examine control wires for 
chafing. Turn on gasoline: watch for carbureter flooding. 

Air System—Inspect choker valve, see that it opens and closes 
correctly. Examine carbureter intake for stoppage. Sometimes a 
screen is used over air intake, and it will get clogged with dirt. Check 
all nuts on manifold joints and test for possible leaks with oil. Squirt 
oil around joints, then turn propeller and watch for bubbles at joints. 

Water System.—Examine water for presence of oil. Fill radiator. 
Check all hose and pump connections for leaks. Examine condition 
of all hose. If oil-soaked or soft, replace. When tire tape is used on 
hose, it should be shellacked. See that all draincock handles are 
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turned down and tight. All airplanes carry just sufficient water, and 
should a slight leak occur or be allowed to pass, it would be only a 
short time before the motor overheated. 

Oil System—Remove sump screen, clean, and replace. Fill with 
required amount of fresh oil. Examine all oil pipes for leaks and make 
sure they cannot vibrate and break loose. Examine crankcase for 
leaks. Oil all moving parts with oil can. 

General.—Check up propeller nuts and all lock springs and safety 
wires. See that propeller tracks within 1g inch. Examine propeller 
for possible splitting or fraying. Go over all nuts and see that they are 
tight and properly locked, touching each with fingers in order not to 
skip one. 

After Starting Engine.—Run slowly until warmed, allowing all parts 
to expand equally and oil to warm and circulate properly. 

Speed up and adjust oil pressure to factory specifications. 

See that water is circulating and motor does not heat. 

Speed motor slowly, noticing degree of vibration at various speeds. 

Test motor at full speed and then at throttled speed. 

If trouble appears and then disappears, do not rest until it is found 
and eradicated, for it may later appear, especially at high altitudes. 

Conduct entire inspection with aim of preventing trouble and do not 
quit until conscience is clear. 

Classifying Troubles.— When a motor is not working right, the trouble 
must be classified and a decision reached as to what the motor is doing. 
For example: “Does it miss?” and “Cut out,” “Slow down,” ‘ Backfire,” 
“Pail to start,’ “Loud reporting at the exhaust,” “‘No oil pressure,” 
“Knock,” etc. Then : At what speed does the trouble occur? Many 
troubles occur only at certain speeds, and therefore note should be 
made of the speed at which the trouble occurs. 

General and Local Troubles.—Notice, if possible, what part of the 
motor is giving trouble, for example: On a V-type motor, is the right 
side or the left side missing? Notice which cylinder is giving trouble, 
and then the trouble can be found comparatively quickly. Some 
troubles can cause the whole motor to go wrong but could not cause just 
one cylinder to give trouble. Such’ troubles could be called “ general”’ 
troubles. Another kind can cause one or two cylinders to miss or give 
trouble but could not cause a general trouble; these are called “local” 
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Elimination of Troubles.—Suppose that the motor is missing. Now, 
in addition to an observation of the speed at which the motor is missing, 
the nature of the miss should be observed. For instance, is one cylinder 
missing occasionally, one cylinder missing steadily, one side of the motor 
cutting out, or the whole motor cutting out as though the switch were 
being intermittently pulled? Or is it a scattering miss, which means 
first one cylinder on one side and then another cylinder elsewhere, but 
not missing regularly? Suppose that one cylinder is missing occasion- 
ally. At what speed does the miss occur? Suppose that it occurs at 
low speed. What can cause a motor to miss only at low speed on one 
cylinder? Any of these causes will do it: short-circuited spark plug, 
plug gap too close, poor compression, air leak around the intake-valve 
stem, or a weak exhaust-valve spring. How can it be determined 
which of these troubles is causing the miss? By eliminating the most 
common causes until the trouble is found and remedied. 

Diagnose Trouble by Symptom.—It is necessary, when shooting 
trouble, to diagnose properly the trouble by the symptom and to 
eliminate troubles one at a time until the right one is found. It would 
be foolish to examine the magneto if the symptom indicated a lack of 
gasoline. 

List of Symptoms and Troubles.—The following paragraphs contain 
lists of symptoms with the troubles that will cause them. The student 
should acquaint himself with these symptoms and, in a short while, 
should be able to diagnose troubles by symptoms and eliminate a 
particular trouble in a very short time. 


If Engine Fails to Start: 
It may be due to any of the following causes: 


1. Lack of gasoline. 

2. Primed too much. Rotate engine backward several times to clear 
it of excessive gas or turn engine in direction of rotation with throttle wide 
open. 

. Insufficiently primed. 

. Throttle too wide open. Or not enough. 
. Faulty spark. 

Lack of compression. 

. Camshaft out of time. 

. Ignition out of time. 

. Cold motor. 
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If Engine Stops: 
1. Lack of gasoline. 
2. Faulty spark. 
3. Overheated. . 


Lean (or Rare) Mixture: 


1. Water in carbureter. 

. Dirt in jets. 

. Poor gasoline supply (dirt in line or not enough pressure). 
. Level low in carbureter. 

. Backfiring. 

Air leak. 

Jets too small. 

. Altitude adjustment open too far. 

. Venturi tube too large. 

10. Low-test gasoline. 


CHONAAP Wh 


Scattering Miss (one that jumps from one cylinder to another): 


1. Lean mixture. 

2. Rich mixture. 

3. Faulty spark. 

4, Water in carbureter. 

5. Air leak in intake manifold. 
6, Intake valve holding open. 
7. Valve springs weak. 


Motor Will Not Develop Proper Speed Yet Does Not Miss Fire: 


1. Mixture slightly too lean. 
2. Mixture slightly too rich. 
3. Camshaft set too late. 
4, Ignition set too late. 
5. Poor grade of oil (or oil too long in use). 
6. Overheating. 
7. Tight motor (one that has just been overhauled or is new). 
8. Venturi tube too small. 
9. Insufficient throttle opening. 
10. Excessive carbon. 
11. Poor grade of gasoline. 
12. Valves not opening far enough, due to valve seating too far in cylinder. 


Missing Fire at High Speed on One Cylinder: 


1. Short-circuited spark plug. 
Oy, Short-gircuited distributor wire. 
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3. Short-circuited distributor block. 
4. Spark-plug gap too wide. 

5. Weak exhaust-valve springs. 

6. Poor compression. 


Missing at Low Speed on One Cylinder: 


. Short-circuited spark plug. 

. Spark-plug gap too close. 

. Poor compression. 

. Short-cireuited plug wire. 

. Short-circuited distributor block. 

. Air leak around intake-valve stem. 
. Weak exhaust-valve spring. 


NOOR WN FR 


Causes of Excessive Carbon in Cylinders: 
1. Use of too much oil. 
2. Bad piston rings. 
3. Poor grade of cylinder oil. 
4. Rich mixture. 
5. Motor run long while without cleaning. 
6. Poorly fitted pistons. 


Result of Excessive Carbon in Cylinders: 
1. Preignition. 
2. Overheating. 
3. Knocking due to carbon; in time will loosen bearings. 
4. Motor will not develop speed. 


Backfiring in Carbureter: 
1. Cold mixture. 
2. Lean mixture. 
3. Air leak in manifold or around intake valves. 
4. Valve springs weak. 
5. Distributor wires attached wrong, 
6. Magneto timed wrong. 
7. Exhaust valve not opening or not far enough. 
8. Camshaft set too early. 
9. Rich mixture. 
10. Overheating. 
11. Carbon. 
12. Low-test gasoline. 
13. Venturi tube too large. 
14. Intake valve sticking (gummed or tight in guide). 
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How to Detect Mixture by Color of Exhaust: 


. Long red and yellow flame indicates rich mixture. 

. Short, irregular, light-blue flame indicates lean mixture. 

. Black smoke indicates mixture entirely too rich. 

. Blue smoke means too much oil is being used. 

. Quick blue flame without yellow tip means correct mixture 


Causes of Rich Mixture: 


1 


2 
3 
4 


. Carbureter flooding. 

1. Leaky float. 

. Level too high. 

. Gaskets under jets bad. 

. Hole in carbureter casting. 

. Float valve not seating; dirt under seat. 

. Air pressure too high. 

. Jets too large. 

. Air intake stopped up (or choke valve closed part way). 
. Venturi tube too small. 


“<8 Qo os 


Loud Reporting Out of Exhaust: 


1. 
2 
3. 
4 
5 


6. 


Preignition. 

. Camshaft set too early. 
Rich mixture. 

. Spark too late. 

. New or stiff motor. 
Faulty spark. 


Preagnition: 


1 
2 
3 
4 
5 


. Carbon. 

. Overheating. 

. Rich mixture. 

. Magneto out of time. 

_ Wires from distributor crossed or lead to wrong cylinder 


Faulty Spark: 


ONOarwWwNr 


. Breaker points not spaced properly. 
. Breaker points burned or corroded. 
Condenser short-circuited or broken down. 
. Magnets weak or crossed. 
. Collector brush worn out or dirty. 
_ Distributor brushes worn out or dirty. 
. Collector ring or commutator short-circuited or dirty. 
_ Distributor block short-circuited or dirty. 
i 
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. Primary winding short-circuited or broken down. 

. Secondary winding short-circuited or broken down. 

. Distributor pencil short-circuited. 

. Safety gap too low. 

. Distributor out of time with primary circuit. 

. Poor connection between secondary and collector ring. 


Ground wire or switch short-circuited. 


Overheating: 


Spark set too late. 


. Poor water circulation. 

. Rich mixture. 

. Poor oil circulation. 

. Oil too thin or cold. 

. Lean mixture. 

. Camshaft set too late. 

. Running at low speed too long, 
. Poor compression. 

. Tight bearings or pistons. 

. Bearings or pistons out of line. 
. Excessive carbon. 


Compression: 


. Valves not adjusted properly with respect to clearance. 
. Valves warped. 

. Valves caked with carbon. 

. Valve stems bent. 

. Valves gummed or sticking. 

. Leaky cylinder head, spark plug, or valve-cage gaskets. 
. Insufficient oil supply, or oil has been used too long. 

. Rocker arms too tight. 

. Valve springs broken or weak. 

. Camshaft out of time. 

. Rings not seating properly or broken or weak. 

. Cylinders scored. 


Result of Rich Mixture: 


Ih 
2. 


3. 


Excessive carbon formed in cylinders and on valves. 
Overheating of motor. 


Motor will gallop and not develop proper speed. 


Result of Lean Mixture: 


1, 
2. 


Motor will backfire and may catch fire. 
Will burn valves. 
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3. Motor will not develop proper speed. ° 
4, Motor will stall or ‘‘die”’ easily. 


Result of Too Much Ou: 


1. Will cause engine to misfire by short-circuiting spark plugs. 
2. Will create excessive carbon. 
8. Will get on insulated wires and cause short-circuits. 
4, Will get on cloth-covered parts of plane and cause deterioration. 
5. Will vaporize, and vapor will interfere with proper combustion, 
causing effect of too rich a mixture. 
No Spark: 
1. Primary circuit grounded. 
. Secondary circuit grounded. 
. Grounded ground wire. 
. Switch grounded. 
. Condenser open or short-circuited. 
Magnets crossed. 


When Engine Knocks: 

Knocks such as the following are caused by various defects in the engine: 

Loose Connecting-rod Bearings.—A rather sharp metallic sound notice- 
able at low motor speed. 

Loose Main Bearings.—A dull heavy knock accompanied by vibration. 
Noticeable when motor is picking up speed or when throttled down. 

Loose Wristpins.—A sharp metallic sound. Very pronounced when 
motor is throttled down. 

Loose Pistons (Pistons Slap).—A rattling sort of sound, most pronounced 
when engine is running under light load. 

Ignition Advanced Too Far.—A very sharp knock without much volume 
of sound. May be stopped by retarding spark. 

Carbon.—A smilar sound to spark knock but cannot be stopped by 
retarding spark. 

Labor Knock.—Caused by engine running hot or by lean mixture. 


Oil Pressure Too High: 


. Adjustment. 

. Bearings set too close. 

. Oil grooves in bearings not deep enough. 
. Oil pipe kinked or bent. 

. Bypass stuck closed. 

Too much oil in system. 

. Extra-heavy oil. 

. Oil cold or frozen. 

fe 
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+ 
Rapid Rise in Oil Pressure: 
1. Bearings getting too tight, due to overheating. 
2. Stoppage in system between gage and bearings. 
3. Too much oil in system. 
4, Oil cold or frozen. 


Oil Pressure Too Low: 
1. Insufficient oil. 
2. Regulator not set properly. 
3. Oil too thin or cold. 
4, Leak in feed pipes. 
5. Bearings too loose. 
6. Bad gage. 
7. Gears in pump worn. 
8. Overheated motor. 


Rapid Decrease in Pressure: 


. Leaky or broken feed pipe. 

. Stoppage in line between pump and gage. 
. Broken pump gears or shaft. 

. Burned-out bearing. 

. Running out of oil. 

. Overheating of motor. 


aOorrwndr 


SECTION VI 
THE PROPELLER 


The propeller of the airplane is very similar to the propeller of a 
vessel in many ways. It must have sufficient thrust, or pull, in the 
case of a tractor, to overcome the resistance of the machine at its flying 
speed. The propeller itself introduces some resistance due to the skin 
friction as it revolves in the air, the resistance of the center of the pro- 
peller, eddies in-the air caused by the whirling of the propeller, and 
cavitation, or the tendency to produce a cavity or partial vacuum in 
which it revolves. This increases with the propeller speed and decreases 
the speed of the machine. For this reason, propellers are often geared 
down from the engine so as to secure high power from the motor with 
the desired slower speed of the propeller. The pitch angle, or angle 
of incidence, of the propeller can be considered in much the same way 
as that of the planes, as the blades are, in reality, small planes which 
revolve instead of being forced straight through the air, as with the 
wings of the machine. 

The thrust of an airplane propeller, according to Chas. W. Rauch, is 
generally considered equal to 3 pounds for each horsepower of the engine 
driving it. This is based on an 80 per cent efficiency of the propeller 
at air speeds of about 100 miles per hour. On this basis a propeller 
driven by a 200-horsepower engine at 100 miles per hour has a thrust 
of 600 pounds. 

The mechanical strength of the propeller blades is a serious considera- 
tion which affects the design very materially. For the propeller is 
subjected to very severe stresses due to the bending of the blades from 
the hub outward, the centrifugal force, and also the shocks due to the 
impulses of the engine, even though these seem to be practically contin- 
uous in a multicylinder, high-speed engine. These impulses tend to 
loosen the propeller in its flanges and are credited with being the cause 
of charred hubs which are sometimes found when the propeller is taken 
off its shaft. These various problems demand great care in both design 
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and manufacture, especially with the wooden propeller. Wooden 
propellers are built up from layers of carefully selected wood, glued 
together with the utmost care and carefully shaped to templates which 
gage the exact contour at various points on the blade. 

Propellers of all kinds, both for water and air service, have a certain 
amount of slip or lost motion. A propeller with a pitch of 10 feet, 
which means that it should advance the machine 10 feet for every 
revolution if there were no slip, may advance only 744 feet. This 
means a slip of 214 feet or 25 per cent. 


Fic. 1.—Twisted type Curtiss-Reed metal propeller. 


As the outer end of the propeller travels faster than the points nearer 
the center, the pitch angle changes just as in the case of a thread cut on a 
bar of steel. This can best be noticed on a small screw with a coarse 
pitch where it will be noticed that the angle at the bottom of the thread 
is much sharper than at the top. 

At the present time, metal propellers have largely succeeded the more 
conventional wood propeller, although the latter has by no means been 
abandoned. Both aluminum alloys and steel are being used in metal 
propellers. 

Metal propellers are made of the strong drop-forged aluminum alloys 
and heat treated to secure the strength desired. The tensile strength 
is from 55,000 to 60,000 pounds per square inch. The Curtiss-Reed 
propeller is made from aluminum alloy, and in two forms (Figs. 1 and 2). 
Both are solid from end to end. The earlier form, Fig. 1, ismade froma 
slab of duralumin, shaped to the desired form and the blades twisted 
to the proper pitch. This bolts to a flanged hub on the engine shaft. 
The later design is of forged duralumin and is equipped with a steel 
sleeve that is keyed to the propeller and which also serves as a propeller 
hub. The propeller is normally furnished with this sleeve in the hub. 
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In mounting the propeller on the crankshaft, extreme care should 
be exercised to clean the shaft and the hole in the sleeve, and lubricate 
the crankshaft, the hole in the sleeve, and all threads with cylinder oil 
or the special lubricant furnished with the propeller. Do not use 
graphite in any form. 

Push the propeller, with sleeve installed, onto the hub, by hand. 
Start the attaching nut internal threads on the crankshaft about 
one-quarter to one-half a turn before starting the external threads on 
the sleeve. Screw up the nut, tightening as tight as possible with 
a 4-foot, 7g-inch bar. The tighter the propeller is put on the easier it 
will come off later. If the operation has been properly done, the holes 
for the locking pin will line up and this pin can be inserted. If the holes 
do not line up, it will be necessary to unscrew the nut and start the 


Fia. 2.—Forged type Curtiss-Reed metal propeller. 


threads on the crankshaft a little further before starting the outer 
threads in the sleeve, or vice versa. If the propeller does not track 
within 1 of an inch, it is an indication that the blades are bent, since 
the propeller has been carefully tracked, with the sleeve installed, 
at the factory. If the sleeve, for any reason, has been removed and 
the propeller does not track, it is possible that it can be corrected by 
removing the sleeve and turning it around 180 degrees from its original 
position. 

The propeller used on the Wasp motor is of the direct-splined type, 
i.e., splines in propeller material in direct contact with the crankshaft. 
Due to the relative softness of duralumin, care should be taken not to 
“burr” up splines in hub. 

A tube of ‘“‘antiseize’’ compound is supplied with each new propeller 
of this type for use on the crankshaft in place of oil. 

If roughness or vibration should develop, check first to see that it is 
not due to loose bolts or slack wires in the engine section. Next, check 
to see if the blades have been bent. This check can be made by turning 
the propeller through 180 degrees and noting if the two-blade tips 
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track within 4, inch. If this does not locate the trouble, remove the 
propeller and check it thoroughly for balance, track, and blade angle. 

The Standard Steel Propeller Company makes an adjustable blade 
propeller with a steel hub as shown in Fig. 3, the hub being seen in 


Fig. 4. 


Fic. 3.—Standard steel adjustable propeller. 


These hubs are made for two, three, and four blades, the three-way hub 
in Fig. 5 showing how the blade is locked in place by the two abutments 
and centered by the plain diameters at each end of the socket in the 
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Fie. _4.—Standard two-blade hub for Fic. 5.—Blade end in three-way 
engines from 500 to 800 horsepower. hub. 


hub. The hub is in halves, held together around the blade end by 
hinged clamps at the end of each blade opening into the hub. The hubs 
are of forged chrome vanadium steel, heat treated for a tensile strength 
of 130,000 pounds per square inch. The clamps and bolts are also of 
alloy steel, the bolts having a fillet to prevent localizing the stress under 
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the head. Should a bolt be lost, it is not safe to replace it with an 
ordinary commercial bolt as such a bolt will not have the necessary 
strength. 

Two advantages are claimed for propellers having separate blades; 
ease of replacement in case of damage and the ability to adjust the 
pitch to suit different conditions and different engines. If, for example, 
it is necessary to get a plane out of a small field, the pilot can set the 
propeller at a low pitch angle which will allow the engine to turn up 
faster and get the plane off the ground in a shorter distance, even at 
the expense of speed in the air. On the other hand, the pilot can econo- 
mize on fuel by setting the propeller at a high angle and so slow down 
the engine at full throttle. No propeller adjustment should be made, 
however, without thoroughly understanding the theory fully. For 
racing or high-speed flying the propeller should be set at an intermediate 
angle, and checked by readings of the air-speed meter. 


ADJUSTING THE PITCH 


The hub ends of the blades have a clearance of 0.003 to 0.005 inches 
so that they can be turned by loosening the hub clamps, and tapping 
the propeller near the hub, using a rubber or wooden mallet, until the 
desired setting is reached. The hubs are marked as in Fig. 6 to enable 
both blades to be set at the same angle. After adjusting, the clamping 
ring should be pressed outward by hand against the shoulder on the end 
of the hub and then tightened with the bolt. This is important as the 
position of the clamping ring affects the balance of the propeller. The 
correct position can be determined by. moving the clamping rings until 
the arrows on.the rings are in a direct line with similar arrows on the 
hub. - The best method for setting the blade angles is by means of a 
protractor and checking plate as in Fig. 7, but if one of these is not 
available the scale on the hub will be found quite satisfactory. On 
a propeller of average size the setting is usually specified at a distance 
of 42 inches from the axis, or center of the propeller shaft. On 
very large or very small propellers both the angle and the radius at 
which it is to be measured is specified. 

When it is desired to change the engine speed by changing the pitch 
of the propeller it will be found that there is a change of approximately 60 
r.p.m. for each degree of movement of the blades. This holds good for 
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either an increase or decrease of speed, and enables the same propeller 
to be used on different engines by adjusting to suit the speed and power 


Fig. 6.—Close-up view of scale on hub. 


of each. The ability to do this reduces the number of spare propellers 
that it is necessary to carry. 


Fig. 7,—Protractor and checking plate. 


Perfect balance in propellers is necessary to prevent vibrations 
that are detrimental to both engine and _ plane. Static balance is 
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Fic. 9.—Vertical balance of propeller. 
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easily checked on balancing ways, with a mandrel through the pro- 
peller hub. A convenient form of balancing way is shown in Fig. 8. 
The knife-edge strips are adjustable and must be level when in use. The 
propeller should remain stationary in any position. If out of bal- 
ance, the light blade is removed and a small amount of heavy metal 
placed in the hole at the hub end of the blade. If the unbalance is 
slight, a coat of varnish or enamel on the light blade may correct it. 

Balancing the propeller in the vertical position, Fig. 9, ean be done 
by shifting the clamping rings around the hub. Moving the bolt 
end of the clamp toward the light side will throw more weight on that 
side and enables very accurate balancing to be done. 


Fie. 10.—Propeller hub designed for Fie. 11.—Propeller hub designed for 
engines of less than 200 horsepower. engines of 200 horsepower and above. 


The blades should also be of the same length and track within very 
close limits. Both blades should be at the same angle within a small 
fraction of a degree. 

Once balanced, a propeller should need little attention to balancing 
until enough metal has been eroded or chipped away to change the 
weight distribution. This condition is apparent as soon as it occurs, and 
the remedy is obvious. 

Whenever there is any sign of pitting at the leading edge of the blade, 
it must be attended to immediately. If the pitting is at all bad, the 
rough edges must be smoothed down with a fine file, the whole leading 
edge smoothed down with emery cloth and finished with crocus cloth. 

When blades are damaged, due to bad landing, etc., it is often possible 
to straighten them so that they may be continued in use. In order to 
do this, however, the blades should be annealed first and heat treated 
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again after straightening. The blades must then be etched with a suit- 
able solution and carefully examined for cracks before being. put back 
into service. 

Welding should never be attempted as the extreme 
. heat destroys the strength of the alloy. It is best 
to return the blades to the makers for repairs. The 
best protection for aluminum-alloy propellers is a 
thin coat of oil applied with an oily rag. This 
should always be done after the surface has been 
disturbed with emery or crocus cloth. 

The micarta propeller is less affected by exposure 
to salt or fresh water than either wood or aluminum. 
The density of micarta is approximately one-half 
that of aluminum, a propeller for engines from 150 
to 210 horse power weighing 54 pounds. 

The design of the hub for micarta propellers varies 
with the power to be delivered. For use with 
engines of less than 200 horsepower the ends of the 
blades are screwed into the hub, using a buttress 
thread as in Fig. 10, and clamping the blade by 
means of the split hub shown. For larger engines 
the screw thread is replaced by two heavier abut- 
ments inside the hub and a clamping ring is used on 
the outside, as in Fig. 11. This is made clear by 
reference to Fig. 12 which shows a blade in position, 
the complete propeller being seen in Fig. 13. 

The Westinghouse Electric and Manufacturing 
Company has made recent improvements of the 
bakelite-micarta propeller which have proved very 
successful. This propeller is now made with 
separate blades similar to the variable-pitch metal 
propeller just described. pS eae 

The laminations are placed in the mold having the of large propeller. 
exact angle and then pressed to final shape in a large 
press having a high load capacity. The material is heated during the 
process by steam coils to a temperature of some 350° F., the combination 
of pressure and heat first cementing and then congealing the material 
into a solid mass. The molding requires 3 to 4 hours. 
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The molds must be machined very accurately, as upon this depend 
the polish and finish of the propeller itself. Little other work need be 
done to the propeller. 

Micarta has a hard, polished surface and is proof against cold or 
heat in any degree likely to be encountered in service. It is not affected 
by weather, by water either salt or otherwise, or by oil. Bullets fired 
at a micarta propeller.at full speed pierce a clean hole, without shattering 
or splintering. The micarta propeller with detachable blades is from 
5 to 10 per cent lighter than an equivalent aluminum-alloy propeller. 
If designed as a single piece, without detachable blades, the weight 
is the same as that of an equivalent wood propeller. 


Fria. 13.—Adjustable two-blade micarta propeller. 


TESTING THE SHAPE OF BLADES 


In testing the shape at various points, the propeller is laid on an 
iron block having a central stud at right angles to it, this stud repre- 
senting the propeller shaft. This allows the templates to be placed 
on the blades at the desired intervals, these intervals being marked 
on the iron plate itself. The angle of the flat or nearly flat surface 
can also be readily measured. A surface gage is likewise used very 
carefully to test the height of various portions of the blade from the 
testing plate on which it rests. The pitch of a propeller can be meas- 
ured by reversing this process, 7.e., measuring the pitch angle at 
various points and laying these off on a chart. Such a chart should 
show a uniform change of pitch from the hub out. 

A method of testing the propeller for uniformity of weight along 
its length is shown in Fig. 14. Here one end of the propeller is held 
loosely in an opening and the whole propeller suspended with a spring 
balance at different given points along its length. The propeller is 
then reversed and suspended in the same way from corresponding 
points on the other end. If the weights balance on both ends of the 
propeller, the centrifugal stresses should be practically equal and the 
propeller run satisfactorily. 
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It is also quite important that the surface areas of both ends of the 
propeller should be equal. This can be easily tested by measuring 
the width of the blades at given points on each end and seeing how 
they compare. The joints of wooden propellers are frequently tested by 
revolving the propeller at from 5 to 10 per cent higher speed than 
that at which it will be run and then examining the joints carefully 
to be sure that none of them has started. These joints should not 
show glue, as the wooden layers should be solid together. 

The propeller surface should be very smooth, particularly near 
the outer end where the speed is the greatest. When it is considered 
that the tips sometimes have a speed of 30,000 feet per minute, it 
may readily be seen how the surface affects the skin friction. 


Fic. 14.—Testing uniformity of weight. 


There are a great variety of propeller hub mountings, one of which 
is shown herewith in Fig. 15. This requires no explanation, as the 
methods of holding the propellers are clearly shown. It is very neces- 
sary that the propeller be mounted square and straight on the shaft 
and that it be securely fastened. This squareness can be tested in 
a similar manner to that already described for the straightness of 
the blades, by revolving it halfway and measuring the position of 
the leading edge or some other point on each blade. A propeller is 
sometimes thrown out of squareness by having the bolts tightened 
up too much on one side. Tighten them up gradually, going around 
the hub until all bolts have an even tension. . 

Wooden propellers should receive the best of care, as so much depends 
upon them and they are so easily affected by outside influences. They 
should be covered from the sun if the machine is to stand long in the 
open. Bags, or covers made from heavy cloth are slipped over the 
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blades and tied with draw strings. Propellers should never be stored 
in a damp place nor yet in a very dry place, as either condition affects 
the glue which holds the layers together. They should never be stored 
out of doors, on account of both sun and rain. 

The best method of storing all propellers is to hang them in a vertical 
position on a strong peg which goes through the shaft hole. It is 
not a good plan to lean them up against a wall or to hang them in a 
horizontal position. The object is to avoid any stresses which will 
tend to get them out of shape in any way, as, unless they are symmetrical 
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Fic. 15.—A typical one-piece propeller mounting. 


and in good condition, they are not efficient. They are apt to vibrate 
or ‘‘flutter” badly, and this has a bad effect on the engine and its 
bearings. 

Four-bladed propellers are seldom used and then mostly in cases 
where the pitch is comparatively large. There is, theoretically at 
least, more interference in the disturbance of the air where four blades 
are used. When one blade receives air which has already been set 
in motion by the blade preceding it, there is less reaction and conse- 
quently less efficiency. 

Wooden propellers must be watched carefully to detect splinters, 
cracks, and other defects which might cause trouble. Bad landings 
usually damage a propeller, as the machine is very apt to nose down 
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and the propeller strikes the ground. Wooden propellers of flying 
boats and seaplanes are often nicked and chipped by the particles 
of spray which strike the blades as they are starting or landing. The 
high speed of the propeller makes the spray strike a much harder blow 
than might be imagined. The same is true when the machine is flown 
in a sandy country as the sand cuts the blades quite seriously at times. 

Copper protection strips are often riveted over the edges of pro- 
pellers at the ends, serving to protect the outer ends, which are most 
apt to be damaged. The only objection to these is that they some- 
times tear loose and have been known to cut guy wires and even the 
fuselage in the case of a pusher-type machine. In some instances, 
protecting strips of canvas have been used for this purpose, being 
glued on the blades in the desired positions. These protect the blade 
fairly well and do less damage even if they loosen and fly off. 


TESTS OF PROPELLERS 


To test the pitch angle, the propeller is mounted on a shaft at right 
angles to a beam which is straight and true. Pick out some point 
on the propeller at any given distance from the center of the hub and, 
by means of the protractor as in Fig. 7, find the angle the propeller makes 
with the beam at this point. Lay out this angle on a large sheet of 
paper, as in Fig. 16, this being the chord of the pitch angle. The 
straight or base line must represent the circumference of the propeller 
at the face of the beam. 
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Fie. 16.—Laying out curve of propellers. 


If this point is taken at 2 feet from the center, we have a circle 4 
feet in diameter, or (4 X 3.1416)-12.5664 feet in circumference. Bring 
this down to any scale which is convenient, say, 2 inches to the foot, 
and lay off the horizontal line 25.135 inches. Then the distance from 
this point on the circumference line to the chord line is the pitch at 
this point. This should agree with the specified pitch of the propeller. 
Anerror of 34 degree is permissible but more than this should be reported. 

f. 
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This test should be made at several points and the results carefully 
checked up. The surface area can be easily calculated by measuring 
the width at several given points; these measurements should be 
accurate within 1, inch at any point. 


Fig. 17.—Testing curve of blade 


The camber or curve of the blade can also be tested quite easily 
on the concave side by passing a straight-edge along the blade, as 
in Fig. 17, and noting the space at different points. On the convex 
side, this requires a set of templates which can be readily made from 
the drawings of the propeller. 


INSPECTING METAL PROPELLERS BY ETCHING 


The Boeing Air Transport Company has developed a method of 
inspecting metal propellers by etching. 

The purpose of the etching operation is to remove a film of metal of 
minute thickness from the surface of the propellers and to reveal and magnify 
existing defects. The operations are as follows: 


(a) Immerse in, or swab with a caustic-soda solution. 

(b) Rinse with water. 

(c) Immerse in, or swab with a nitric-acid solution. 

(d) Rinse with hot water. 

(e) Inspect for cracks and defects. 

The caustic-soda and nitric-acid solution will be made up as follows: 

(a) Caustic-soda Solution.—To each gallon of water add 1 to 2 pounds of 
commercial caustic soda. This corresponds to 10 to 20 per cent aqueous 
solution. 

(b) Nitric-acid Solution—To each 5 gallons of water add 1 gallon of 
commercial nitric acid. This corresponds to a 20 per cent aqueous solution. 

Caution: Wood, glass, or earthenware containers must be used for both 
the caustic-soda and nitric-acid solutions. In mixing the acid, always 
pour the acid slowly into the water. Rubber gloves should be worn at all 
times while working with these solutions. 
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SECTION VII 
ENGINE AND PLANE ACCESSORIES 


In order to give more complete information to the owner, pilot, 
mechanic, and others directly interested in the mechanism, whose 
functioning is so important, salient points concerning carbureters, 
magnetos, starters, landing gears, wheels, tires, brakes, floats, and para- 
chutes, are given herewith. The source of information in each case 
is the manufacturer of the equipment mentioned. 


AIRCRAFT LIGHTING 


The Department of Commerce requires all aircraft flying later than 
1g hour after sunset, to display navigation or running lights. These 
lights must conform to the Air Commerce Regulations which are similar 
to nautical practice and are given 
in Sect. XIV. The navigation 
light shown in Fig. 1 meets these 
requirements. Side lights are 
designed for mounting on verti- 
cal surfaces and tail lights for 
mounting on a horizontal sur- 
face. When so mounted, the 
shielding permits the lights to be 
seen only through the angles spe- Fig. 1—Navigation light for wing tip. 
cified (p. 627). These lights are 
made with a substantial cast aluminum-alloy base and are easy to 
install. The shell is of celluloid and is red, green, or clear according 
to the position in which the lamp is to be mounted. It is easily remov- 
able for replacing lamp bulbs which are standard automobile headlight 
bulbs, 12-volt, 21 candlepower, and double contact. 

As night flying is now very common, lighting equipment is standard 
on most planes. Nearly all aircraft manufacturers have standardized 
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on a 12-volt, two-wire system although some use 6-volt circuits and 
in some instance a single wire or grounded circuit is used where all 
metal parts are bonded for radio shielding. In such installations the . 
bonding acts as a ground for the circuit. Navigation lights are also 
made in other styles and with lenses either of glass or celluloid. Some- 
times 32 candlepower lamps are used. 

In wiring for navigation lights a No. 18 B. & 8. gage is the smallest 
that should be used. Smaller wires frequently overheat and cause 
trouble. It is also recommended that the insulation should not contain 
rubber, owing to its rapid deterioration and the difficulty of inspection 
when trouble occurs. 


LANDING LIGHTS 


Aircraft used in cross-country flying after dark are usually equipped 
with landing lights for use in emergency landing or when it is necessary 
to use a poorly lighted airport. Landing lights usually consist of a 


Fic. 2.—Typical landing light. 


lens, a parabolic reflector, and a streamlined casing. These are mounted 
either at the wing tip or under the wing near the end. Some plane 
makers build the reflector directly into the wing and so dispense with 
the streamlining. A typical landing light is shown in Fig. 2. 

The majority of landing lights use a 12-volt lamp with a mogul 
base, the lamps consuming about 35 amperes each per hour. Some 
use a smaller light with a 12-volt standard base and a lamp of 100 
candlepower. Wire used for landing lights should not be smaller than 
No. 8 B. & 8. gage, and a No. 6 wire should be used if the lights are 
likely to be in service for extended periods. 


4 
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Parachute Landing Flare.—The parachute flare is a device designed 
to provide a pilot sufficient ground illumination to enable him to bring 
his plane safely to earth in event of a forced landing after dark. When 
something happens on board a plane at night which might require it to 
land, the pilot immediately needs illumination which will show him the 
location of a suitable landing place so that he may safely set his ship 
down. The Airways Parachute Flare, Type III 
(Fig. 3) or Wiley Flare, as it is commonly called, 
will, a few seconds after it is released, light up an 
area of about 114 miles in diameter from an altitude 
of 2,500 feet ne the ground. The flare then 
floats slowly down, lighting up the ground more and 
more brilliantly as it descends. The flare lasts for 
about 3 minutes and burns with a candlepower 
between 300,000 and 400,000. It may safely be 
released at an altitude of 1,200 feet without danger 
to life or property beneath. 

The flare is carried on a bracket inside the fuselage 
in an unused but reasonably accessible part of the 
plane, usually to the rear of the cockpits or cabin. 
A release cable connects the flare to an operating 
handle in a position convenient to the pilot. 

The flare is cylindrical in shape, 25 inches long, 
414 inches in diameter, and weights 19 pounds. It 
consists of an illuminant and a parachute in a 
cylindrical sheet-metal casing which is strong enough 
to stand general handling. At the bottom of the 
casing is a cap that is retained by a spring steel 
band which is held in place by a releasing fork. 
When this releasing fork is pulled, the steel band flies away from 
the case, frees the bottom cap, and allows the illuminant to fall out, 
dragging the parachute after it. The parachute opens at about 50 
feet below the plane and supports the illuminant. The jerk caused by 
the opening of the parachute operates a friction-igniting device which 
in turn sets off the illuminating mixture. This igniting device has 
been found to be more reliable, after extensive tests, than any other 
of its type or of any mechanical or electrical device tested. It is advis- 
able when releasing a flare to have the nose of the plane pointed down- 

f 


Fie. 3.— Wiley 
landing flare. 
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ward. Nosing up might cause the tail skid to catch the parachute 
as the flare travels backward from the plane. 


FASTEN CABLE GUIDES 


RELEASE CABLES 


CUT HOLE IN FLOOR AND 


SUPPORT BRACKET Agente Me 


PULL SLIDE TO REMOVE 
FLARE FROM PLANE 


2 


DIRT GUARD: 
MUST BE PROVIDED 


i 
weaves 


Fia. 4.—How the Wiley flare is mounted. 
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The method of mounting the flare is shown in Fig. 4. A mud or 
dirt guard, similar to that shown, should be installed to protect the 
end of the flare from accumulations that interfere with its proper release. 
A clearance of 114 inches should be maintained between the flare and 
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the guard to allow free action of the spring steel band. The bottom 
of the flare which projects below the plane should be wiped off with 
an oily rag at each inspection of the plane to remove any accumulations 
of dirt. About once a month the flare should be inspected, following 
the directions of the maker. It is also suggested that the flare be 
returned to the maker about once a year 
for thorough inspection. ‘Two flares are 
generally installed, as shown. 


HAND FUEL PUMP 


Modern aircraft engines are equipped 
with power-fuel pumps as an integral part 
of the engine. An emergency hand-fuel 
pump, or ‘“‘wabble pump,”’ as it is usually 
called, is standard equipment on all Army 
and Navy planes and on many com- 
mercial ships. This pump is for use in 
case of the failure of the engine-driven 

pump, and it has proved to be of vital 
‘importance on many occasions. (See 
Fig. 5.) : : Fic. 5.—Hand or ** Wabble”’ 

This pump is mounted in the gasoline pump. 
supply line at a point convenient to the 
pilot or mechanic, usually at the side of the fuselage. This pump is 
operated by an oscillating movement of the handle and is very efficient. 
The smallest pump of this type delivers more than a gallon of gasoline 
per minute when operated at the rate of one stroke per second. The 
larger models are proportionately faster. 


STROMBERG CARBURETER 


The carbureter plays such a vital part in the proper running of the 
present internal-combustion engine that it is well to understand its 
construction and operation. The Stromberg aircraft carbureter, 
shown in Fig. 16, is typical of modern carbureters even though details 
may differ to some extent. The instructions and suggestions follow: 

Instructions for Setting Stromberg Aircraft Carbureters.—The 
determination of a fully correct carbureter setting and specification 
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involves the use of both a dynamometer setup and an airplane installa- 
tion. With the dynamometer it should be possible to vary the speed and 
load as desired, and provision should be made for obtaining accurate 
readings of power, fuel consumption, and manifold vacuum. A car- 
bureter setting is never considered as definitely correct until it has been 
thoroughly checked by airplane operation. It has usually been found 
that any discrepancy between the dynamometer and airplane perfor- 
mance occurs at the lower speeds. Where a dynamometer is not 
available, a propeller or torque stand can be used as a substitute, but 
the setting obtained should not be considered as final. 

In obtaining a setting and specification, the first step is to determine 
the air capacity necessary for maximum power (or for power desired 
in case less than maximum is to be used), by selection of the power size 
venturi tube. Following this, the proper size metering jet should be 
ascertained. The idle adjustment should then be made at the lowest 
speeds, after which the idle intermediate range should be made correct. 
In exceptional cases it may be found necessary to change the accelerating 
well bore or the main jet air bleed from those initially furnished by the 
factory. These changes should not be made unless found to be necessary 
after the venturi and main jet size have been determined and fuel- 
consumption readings obtained over the whole running range. 

A preliminary estimate of the venturi size may be made as follows: 

With one carbureter feeding three or fewer cylinders, the area of the 
space around the discharge jet at the venturi throat should equal the 
piston displacement in cubic inches of one cylinder times the approximate 
maximum revolutions per minute divided by 133,000. With one car- 
bureter feeding four or more cylinders, the area around the fuel discharge 
jet at the venturi throat should equal the piston displacement of all 
cylinders times the approximate maximum revolutions per minute 
divided by 480,000. 


The average main metering jet orifice diameter is about 0.05 that of the 
venturi diameter. 

In making the dynamometer setup, the same care should be taken 
to see that the installation is correctly made as for an airplane 
installation. 

Determining Venturi Size.—The venturi tube should be large enough 
to give the engine full power but there is no advantage in having it 
larger than this. The restricting-influence of the venturi tube on the air 
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passing through it may be measured by the suction existing in the 
manifold just above the carbureter with throttle full open. This is the 
manifold vacuum and should be carefully distinguished from the car- 
bureter vacuum which is the vacuum existing at the throat of the 
venturi. With four or more cylinders pulling, maximum power will 
usually be obtained when the manifold vacuum is about 13g inches 
mercury or 15 inches water; with one carbureter feeding three cylinders, 
the maximum manifold suction for maximum power will be about 3 
inch mercury or 1144 inches water. In making these measurements, 
it should be borne in mind that closing the throttle will greatly increase 
the manifold suction and a suction gage, if of the U-tube type, should 
be protected against emptying into the manifold when the throttle 
is so closed. While checking the venturi-tube size, a fuel-metering 
jet that is known to be adequately large should be used and the best 
mixture setting obtained with the altitude mixture control. 

Determining Main Metering Jet Size.—Experience has shown that 
most satisfactory results are obtained when the engine is tested with the 
relative speeds and loads of propeller load; that is, starting from the 
contemplated normal speed at full load, the torque should be decreased 
as the square of the speed. With an engine of average mechanical 
efficiency, a uniform mixture of fuel and air would give the specific fuel 
consumption of the curve A, Fig. 6. Actually, advantage is taken of the 
fact that the mixture furnished at part throttle can be much leaner than 
that required for maximum power and curves of fuel consumption as B 
and C are obtained. 

Different points on the mixture range are controlled by different 
elements of the carbureter as shown in Fig. 7. From about half speed 
up, the mixture proportion is controlled mainly by the size of the meter- 
ing jet and, of course, by the altitude mixture control. Below half 
speed the mixture is controlled by the idling air bleed and at extreme 
idling by the setting of the idling discharge jet, according to the amount 
of its semicircular slot which shows above the throttle. On earlier 
models, the idling discharge jet was set at the factory and the idling 
adjustment accomplished by a taper needle valve working on the idling 
air bleed. On most of the later models, the idling air bleed is set by 
plugs drilled in different sizes and the lower idling adjustment accom- 
plished by rotating the idling discharge jet to bring more or less of 
its semicireylar opening above the throttle. 
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To find the proper size metering jet, reduce the jet size until the 
power begins to drop off with indications of a lean mixture. The proper 
size is the next larger one to that which showed the first slight drop in 
power. When the proper jet size is obtained, the engine will be fairly 
sensitive to the use of the altitude mixture control, beginning to show 
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Fie. 6.—Typical fuel consumption curves. 


lean and lose power with a small motion of the control lever and this 
can be used as a check. 

The throttle or throttles should next be closed to give the minimum 
idling speed and the idling adjustment made. At this time care should 
be taken that the throttle openings are synchronized to the extent that 
the exhaust of the cylinders fed by the different carbureters are of 
approximately equal temperature. Care should also be taken that there 
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are n0 leaks in the intake manifold system either at the flange connec- 
tions or at packed telescoping joints. A fairly rich idling mixture is 
usually desired. After the idling adjustment is made, the throttle 
should be opened to give an engine speed under propeller load about 100 
r.p.m. less than half the normal maximum speed. This is just below the 
point the main discharge jet comes into action and the mixture is best 
controlled here by change of the idling air bleed, a smaller air bleeder 
making the mixture richer and a larger one leaner. The setting should 
be such as to give a fairly rich mixture as this is the speed usually used 
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Fic. 7.—Diagram section showing general construction of Stromberg aircraft 
carburetors. 


in the field for warming up the engine. On the variable air-bleed type 
of idling adjustment the air-bleed size is not fixed and the action in 
this range will have to be set as a compromise with the action at mini- 
mum idling speed. With the normal type accelerating well nozzle, 
change in the idling adjustment or idling air bleed should not affect 
the mixture range very far above half engine speed. 

When three or fewer cylinders draw from one carbureter barrel, there 
are intervals of time during which no intake valves are open, resulting 
in strongly marked pulsations of suction. Under these conditions the 
mixture tends to be richer at wide-open throttle and full speed than when 
the throttle is partly closed as the closed throttle somewhat dampens the 
effect of the pulsations as transmitted to the carbureter jets. A mixture 
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curve, therefore, tends to differ from the curve given by the same car- 
bureter on a four-cylinder engine, in that it grows perceptibly rich at 
full throttle, as shown in Fig. 6. As a means of regulating this amount 
of richness, the pulsation control accelerating well nozzle is used. 
Advantage is thus taken of the fact that at wide-open throttle the flow 
through the idling system reverses, and instead of fuel going through the 
idling nozzle as at low speeds, air is drawn back through the idling air 
bleed and through the idling metering jet into the main jet system. 
By using a reduced opening in the pulsation control accelerating well 
nozzle, this action of air flowing in the jet is made to give a leaner 
mixture than when the air does not so flow, the extent of leanness 
depending upon the amount the pulsation control nozzle is reduced in 
size. 

When the pulsation control nozzle is used, a metering jet size to give 
the correct mixture from half speed up to within 100 r.p.m. of full 
load should be determined. At full load the desired mixture 
should be obtained by selection of the proper size pulsation control 
accelerating well nozzle. The low-speed idling adjustment and idling 
air-bleed adjustment should then be made as described above. A very 
considerable change in the size of the idling air bleed may have some 
slight effect upon the pulsation control nozzle size necessary. 

Effect of Changing Accelerating Well Bore.—It may sometimes 
occur that when a considerably larger venturi is placed in the carbureter 
than that which was sent from the factory, and the proper main metering 
jet size determined for full speed, as the speed is decreased 400 to 
600 r.p.m., the mixture becomes rich. This may well be shown by 
the fact that the mixture can be made much leaner by use of the alti- 
tude mixture control without affecting the engine operation. This is an 
indication that the bore of the accelerating well is too small and should be 
enlarged about in the same proportion as was the venturi area. It will 
be noted that for structural reasons the fuel passage in the main dis- 
charge system is made in two parts and the upper bore is the accelerat- 
ing well bore. Enlarging the accelerating well bore will permit the use 
of a smaller metering jet and will bring the upper half of the speed 
range more nearly uniform as to mixture. 

Effect of Changing the Main Air Bleed.—In general, decreasing the 
size of the main air bleed has the same effect as enlarging the accelerating 
well bore but the action is much less pronounced and such large changes 


ENGINE AND PLANE ACCESSORIES 327 


are necessary that it is preferable to work with the accelerating well 
bore. 

Installation of Carbureter.—There are many factors involved in 
proper carbureter operation in service which cannot be cared for in the 
carbureter design alone. A recognition of the requirements regarding 
tanks, fuel lines, freezing in the manifolds above the carbureters, and 
the effect of rapid acceleration, including catapulting, must be had 
if the carbureter installation in an airplane is to be successful. The 
tanks and fuel lines must be so located that there is no tendency for an 
air lock to form between the tanks and the carbureter and obstruct the 
fuel flow. Figure 8 shows how a 
seemingly simple installation can 
contain the factors necessary for 
the formation of an air lock 
which could prevent the flow of 
any fuel from the tank to the 
carbureter. 

As is well known, the vaporiz- 
ing of fuel is only accomplished © 
through the taking up by the fuel 
of a considerable quantity of Fie. 8.—Showing how vapor lock in fuel 
heat. This heat is taken from line can prevent flow of fuel from tank. 
the space immediately above the Note that height of fuel column at left 

; just balances that of fuel column at right, 
earbureter. Unless heat is sup- giving equilibrium without flow. 
plied to this space, the tempera- 
ture drops to a very low value and, besides the interference with 
vaporization, ice will form under certain atmospheric conditions. This 
ice formation constitutes a serious danger. The manifolds should be 
well heated, particularly above the carbureter and preferably through- 
out their length. Hot water, exhaust gas, or oil may be used for this 
purpose. It is often beneficial, especially for winter or cold weather 
operation and where the inlet manifolds of the engine are of excessive 
length, to heat the inlet air passing to the carbureter. 

Rapid airplane accelerations, with the consequent fuel displacements 
and changes of level, are often greater than that of gravity and this is 
particularly true in the case of catapulting. The carbureters are so 
designed that even with these changes of level, fuel will continue to 
flow from theymmetering jets at the instant of acceleration. To continue 
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functioning, however, the fuel supply to the carbureters must continue 
as normally and for this to be accomplished the locations of the tanks, 
fuel lines, and carbureter must be so related that, with these conditions 
existing, the natural tendency of flow is to the carbureter and not away 
from it. 

Installing on Engine.—-Before mounting the carbureter on the engine 
it should be thoroughly checked to see that all screws, plugs, bolts, 
et cetera, are “safetied’’ with lock washers, cotter keys or safety wire. 
Make certain that the proper manifold flange gaskets are in place. 

The throttle discs should be examined closely to see that they fit 
securely in the barrels and if there is more than one disc to a carbureter 
a careful check should be made to see that they are perfectly synchro- 
nized. The action of the engine at minimum speeds depends to a large 
extent upon the synchronization of the throttles. The discs should 
never be hammered as this prevents any possibility of securing a fit. 

The flanges should be pulled tightly together. 

If more than one carbureter is used per engine, the throttles of the 
carbureter should be carefully synchronized with each other. This is 
usually done by adjusting the throttles so that they are in exactly the 
same relative position at extreme closed throttle, making certain that 
the throttle stop has not interfered with the seating of the discs in the 
barrels. 

For an airplane installation the cockpit control rods should then be 
connected to the corresponding levers on the carbureters. After con- 
nection these should be carefully gone over to see that the full limit of 
travel is obtained for each lever and that the levers move in the proper 
direction as indicated in the cockpit. The fuel and drain lines before 
being connected to the carbureter should be flushed out to make certain 
that the flow is free. 

Starting Engine.—Before starting the engine for the first time, it is 
better to set the idling adjustments well toward the ‘‘rich’’ position 
to make certain that the engine secures sufficient fuel. 

To start the engine, close the throttle and turn the propeller in the 
forward or running direction through three or four complete revolutions. 
Open throttle slightly and try with hand-starting magneto or, if the 
engine is not provided with this magneto, “pull through”’ by hand in the 
usual manner. If the engine does not start, close the throttle and turn 
the propeller again by hand through one or two revolutions. Try 
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the hand magneto. The wells in these carbureters are of the self- 
priming type and there is a possibility, especially in warm weather, 
of getting the engine in the so-called ‘‘loaded up” condition. There- 
fore, do not continue to turn the engine forward with the throttle closed 
if it has failed to start but open the throttle and turn the engine back- 
ward for three of four revolutions. Then close the throttle to the 
starting position, turn forward once or twice and try. If at any time 
it is desired not to use the self-priming action of the carbureter, this 
can be done by opening the throttle about a third of its total movement. 
For starting with an electric starter, the throttle should be closed until 
the starter has turned the engine over through three or four revolutions, 
then work throttle by alternately opening to about mid position and 
closing, until engine starts. 

After the engine has started, it should be allowed to become com- 
pletely ‘““warmed up.” If this is not done, any adjustments made 
will be useless. When the engine is thoroughly warm the minimum 
speed operation should be made satisfactory. This is done by means 
of the idling adjustments and the throttle stop screws which regulate 
the minimum throttle opening. It will generally be found that the 
best operation is obtained with an idling mixture amply rich. Care 
should be taken though to see that it is not too rich so that the 
engine “‘lopes”’ or “loads up” when idled for a long period of time. A 
good indication of a too rich idling mixture is the operation of the 
cylinders on an eight-stroke cycle; that is, they will fire only once for 
every two openings of the exhaust valve. 

The next step is to try the engine operation over the whole range by 
gradually opening the throttle so that the engine speed increases by 
increments of about 100 r.p.m. On carbureters with an adjustable 
air bleed idle, it may sometimes be found that there is a slight “flat spot” 
at around 700-900 r.p.m. This can usually be remedied by use of the 
idling adjustments. If this is done, the engine should be immediately 
brought back to idling speed to see that the operation here is still 
atisfactory. 

The acceleration should then be tried by rapidly opening the throttle 
from different engine speeds over the range from extreme idling to 
600 or 700 r.p.m. 

Test the operation of the mixture control by opening the throttle and 
allowing the engine to come to full speed and then moving the control 
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slowly in the ‘‘lean”’ direction. If the engine speed is greatly reduced, 
the control is functioning properly. 

Routine Inspection in Airplane.—The carbureter strainer should be. 
inspected after every flight to see that it is not clogged at any place 
and to clean out the accumulated foreign matter. In addition, a regular 
inspection should be made of the feed and drain lines to see that they 
have a free flow. ‘The controls should be thoroughly checked to see 
that they do not stick and that there is no lost motion. The carbureter 
should be examined, making certain that all safety wires, cotter keys, et 
cetera, are in place and that no parts have become loose. Then “‘run 

p” the engine as given under “Starting Engine.”’ 

Complete Inspection and Overhaul.—This should be done in any case 
where the exact condition of the carbureter is not known, where the 
carbureter has been in service for a long period of time, or where the 
carbureter action is known to be bad. 

The carbureter should be completely disassembled, removing all 
parts including the float mechanism, but excepting the throttle valves 
whose condition can be observed in place.t It will be found that tapping 
the brass plugs lightly with a softwood or horsehide mallet will aid 
greatly in their removal from the aluminum body. Care should be 
taken that the carbureter is not injured. Wash the carbureter body 
and parts in gasoline or its equivalent, using an air hose to blow through 
the passages and clean the different parts. Then examine all passages 
to see that they are clean. To do this the carbureter must be held 
to a good light or a flash light used. A good method of making this 
examination which insures that no passages will be overlooked is to fol- 
low the flow of the fuel from the float chamber through the drilled holes, 
metering jets, wells and well tubes to both the main and idling discharges. 
Check the air-bleed passages to see that they are clean. Check the 
metering jet and air-bleed plug sizes against the sizes marked on the 
aluminum setting plate. See that the idling adjustments are correctly 
in place and that the throttle valves fit snugly in the barrels and are 


1 Also the idle discharge jets, on carbureters which have the air bleed idle 
adjustment, should not be disturbed because of the accuracy of adjustment 
required in replacement. If, however, these idle discharge jets have been 
accidentally displaced the correct setting will be approximated when one- 
fourth of the half-moon opening shows above the throttle valve (on mani- 
fold side), when same is entirely closed. 
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well synchronized. The later double models with parallel throttle 
shafts geared together have a means of adjustment to obtain accurate 
synchronization. One of the pair of gear sectors is not pinned to the 
shaft, but is clamped by means of a bolt and nut. Loosening this nut 
will allow the gear sector to be turned on the shaft and an adjustment 
secured. This adjustment should be carefully made, using a thin 
tissue paper of not over 0.003-inch thickness to check the fit between the 
throttle valve and the barrel. Move the float up and down to see that 
its movement is entirely free. Check the movement and condition 
of the mixture control valve. Thoroughly examine and check all the 
parts for wear or irregularities. Replace by new parts where necessary. 
Reassemble the lower half of the carbureter using the instruction sheets 
furnished for the individual model. 

Before installing the needle valve and seat, they should be checked for 
leakage by holding the needle point upward with the seat in place and 
filling the small space above the needle with gasoline. If leakage is 
evident, the needle valve should be lapped in with crocus powder. If a 
good seat is not obtained after lapping, a new needle valve and seat 
should be used. 

It has been found in service that brass plugs screwed into aluminum 
have a tendency to stick or hold if they have been in place for a long 

‘period of time. This trouble can be obviated by the application of a 
thin coating of graphite oil paste to the threads of the plugs or other 
parts before screwing into place. The paste is made by mixing powdered 
graphite and castor oil together to give a compound with a consistency 
such that it will just flow. Only a thin coating should be applied and 
care must be taken to avoid forcing any of the mixture into the 
carbureter. 

After assembling the lower half of the carbureter, the float level should 
be checked and this is done most easily by holding the lower half rigidly 
in a level position with a vise or other means, admitting fuel under a 
4 or 5 foot gravity head through the regular inlet connection and measur- 
ing the distance from the level in the float chamber to the parting surface. 
This measurement can be made either by means of a scale between the 
surfaces directly or by use of a glass tube or gage glass connected to the 
float chamber. The use of a gage glass is the preferred method, partic- 
ularly where a number of carbureters are to be checked. In case of an 
incorrect HE adjustment should be made by changing the thick- 
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ness of gaskets under the float-needle seat. If the float needle is between 
the float and the pivot, increasing the gasket thickness will raise the 
level and vice versa. If, however, the pivot is between the float and 
the needle, the action is reversed and increasing the gasket thickness will 
lower the level. The amount of change varies with different lengths of 
float brackets but a change of 14 inch in gasket thickness will change the 
level approximately 5¢4 inch. Great care should be exercised in remov- 
ing and replacing the needle seat, both to see that the gaskets are not 
misplaced or lost and that the needle-valve seat is screwed tightly in 
place. A broad screwdriver is required for this operation. After the 
correct level has been obtained, the carbureter should be allowed to 
stand, with the fuel line connected, for 20 or 30 minutes and the fuel 
level measured again. This is a check for a ‘‘creeping level.” If 
the level has risen, drain the carbureter, remove the needle valve and 
seat, and follow the procedure given on page 331 for a leaky valve. 

Reassemble the complete carbureter, taking care to see that all 
gaskets are in place, and that all loose parts are ‘‘safetied.”’ 

Bench Inspection.—When a carbureter is being changed from one 
engine to another or in any case where the condition is known to be 
good and it is desired merely to make a simple inspection to obtain 
that factor of safety necessary in all aircraft work, the following pro- 
cedure should be gone through: 

The carbureter halves should be separated by parting at the joining 
surface. All plugs, screws, etc., at the ends of fuel passages should be 
removed. All fuel passages should then be examined as given in detail 
under ‘‘Complete Inspection and Overhaul.” Check the setting 
against that marked on the setting plate. See that the throttle valves 
fit the barrels and that the float movement is free. Test the mixture 
control valve for proper assembly and movement. Examine all moving 
parts for wear or irregularities. Clean any dirty parts and then 
reassemble the carbureter, taking the necessary precautions to see that 
all gaskets are in place and all loose parts ‘“‘safetied.” 

These are given as being typical instructions for a standard ear- 
bureter. While construction details vary the principles will apply to 
other carbureters. 

The Float Level.—The effect of the flcat level is so great on some of 
the operating characteristics of the carbureter that its proper location 
is of the utmost importance. A too high level gives flooding and conse- 
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quent fire hazard, wastage of fuel, etc., If too low, there may be 
poor operation of the engine from 600 to 1200 r.p.m. with possible 
“backfiring” and, in addition, poor or no acceleration when the throttle 
is suddenly opened. The level should be exactly correct, as stamped on 
the specification tag on the carbureter, with the fuel and operating head 
used in actual service and there should be no “‘creeping” of the level. 


SCINTILLA AIRCRAFT MAGNETO 


Magneto ignition is almost universal on aircraft engines and as 
the Scintilia magneto is to be found on a large percentage of Amer- 
ican-built engines, it will be used in describing the care of magnetos 
on aircraft engines. The construction of the Scintilla magneto, how- 
ever, differs materially from other types, as the former system is reversed 
by having the magnets revolve. These magnets have either two or four 
poles and the pole extremities are laminated, the laminations being 
held in place by an end plate which carries the breaker cam. The 
rotation of the magnet produces reversals of magnetic flux through the 
core of the coil. The parts are shown in Fig. 9. 

In disassembling the magneto for either inspection or repair, it is 
advisable to have tools designed for the purpose and to use extreme 
care both in taking the magneto apart and in preventing loss or mis- 
laying of parts. One of the first steps is thorough cleaning of parts. 
All parts may be washed in gasoline and dried with compressed air 
except the coil. Wipe all pieces of dielectric material with oil-saturated 
cloth after cleaning. 

There are, however, several precautions to be observed in drying 
off the parts. The number discs in the distributor blocks and those on 
the top of the main cover must not be exposed to full air pressure. 
Hold them at a safe distance or else allow them to dry in the open air. 
Great care should be taken that the felt strips in the magneto housing, 
the main cover, the breaker cover, and the front end plate are not 
loosened or torn out by the air pressure. Oil all felt strips after cleaning. 

It is imperative that the cage and bearing assembly of each bearing 
be held so that they cannot spin when using air for cleaning. This 
will prevent throwing out the balls and making it necessary to obtain 
a new cage and ball assembly to complete the bearing for reassembly. 

Keep rotating magnet clean inside and out. Do not lay it near 
small screws, nuts, or metal chips, etc. Its construction is such that 
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any foreign material adhering to it will result in serious injury to the 
magneto. After cleaning rotating magnet, grease thoroughly to prevent 
rust. 

Inspection.—It is anticipated that the inspection and repair of the 
Scintilla aircraft magneto will offer very little, if any, difficulty to the 
average ignition mechanic, who has had experience with other types 
of magnetos. Therefore, this section on inspection and repair will 
embody only such instructions as are deemed necessary to cover certain 
features which are characteristic of the Scintilla. 

Magneto Housing.—The breaker stop and the safety-gap ground plate 
must be tight and their fastening screws locked. Have 3¢-16 cap- 
screw hold-down holes clean and threads straight. Lap base just 
enough to see that its surface is smooth. It is imperative that the 
oil lead to back bearing be open and clean. Flush with a good grade 
of light oil after cleaning. 

Front End Plate.—Lift oil wick and spring out of distributor gear 
axle. Clean oil leads to axle and front end bearing and flush with a 
good grade of light oil. Replace oil wick in distributor gear axle. See 
that fastening screws for distributor gear axle are tight and locked to 
the outside surface of the front-end plate. 

Examine large distributor gear to see that there are no burrs on teeth 
of gear. Replace gear, taking care to hold wick down until covered 
by gear bearing. Replace spacing washers and spring remy, “APR 
end play of gear on shaft. If not less than 0.005 inch or more than 
0.008 inch, it is satisfactory. Test dog screw. It must be tight and 
locked to the large distributor gear. 

Replace paper-spacing washer and distributor cylinder. Replace 
spring ring. Total thickness of spacing washer should be such that 
distributor cylinder will be held tightly against distributor gear. Force 
spring ring into its groove throughout its length. 

Breaker Assembly.—Replace end cover with advance lever on breaker 
assembly. Place assembly in position in magneto housing and note 
that it functions as follows: ; 

The bayonet lock latch, when released, should snap into position 
and the breaker will spring over to full advance. Remove breaker 
and lay aside for adjustment during final assembly. 

Main Cover-—Clean oil lead to back bearing thoroughly. Examine 
booster and ground connection block in top of main cover, especially 
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around the terminal marked ‘‘H,” as any small cracks in the material 
would ground the booster current. 

Cow.—Note that secondary brush holder is solid with the coil: 
It is of vital importance that the spring contacts on the primary 
bridge be in good condition. The rear spring bears against the 
face of the insulated support on top of the breaker cage, while the 
front spring located. above the coil, makes contact with the ground 
contact stud. 

Distributor Blocks——Examine electrodes. Be sure that they are 
screwed tight into the distributor block. Loose number discs must be 
glued with a water- and oil-proof glue. After glue is dry, apply white 
Shellac as an added precaution. 

Rotating Magnet Assembly—Check cam fastening screw. Note 
condition of ball bearings. It will be noticed that the cage and balls of 
the front bearing are a loose part on the AG 12-D rotating magnet, 
while on the AG 8-D and AG 9-D rotating magnets they stay on the 
inner race. This allows the balls to clear the large distributor gear 
during the assembly of the AG 12-D. All types of rotating magnets 
carry the cage and balls for the rear bearing on the inner race. 

Examine laminated pole end of magnet for any signs of rubbing due 
to foreign material lodging between laminated ends of magnet and 
pole shoes. The clearance between laminated poles and pole shoes is 
0.002 inch. This explains the necessity of keeping them clean and free 
from any foreign material. 

Final Assembly.—It is presumed that as near as possible the mechanic 
will use the original parts of the magneto for the reassembly. While 
Scintilla parts are readily interchangeable in each type of magneto 
and for a given rotation will function in another magneto of the same 
rotation, much time and effort will be saved by using the same rotating 
magnet, magneto housing, and front end plate in the reassembly. 

The end play and bearing fit of the rotor in the magneto in most 
instances will be found correct. The rotating magnet was taken as 
the last subassembly for inspection so that while it was cleaned up it 
could be installed in the magneto housing immediately. 

1. Have magneto housing clean and ready to receive rotating magnet. 

2. Take up the rotating magnet and fill the rear ball cage with 
good light grease. Grease magnet all over, leaving a film of grease 
to prevent rust. 
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3. Recharge rotating magnet, clean off metal particles that may 
be adhering to poles and place in housing at once. The magnet is 
easily replaced by turning it until a flat surface is at the top, then 
push in place. Now turn rotating magnet right or left 45 degrees or 
until the space between the top of the pole shoes is filled by one of the 
poles of the magnet. This is the neutral position for the rotating 
magnet and it should always be left in this position unless there is a 
keeper across the pole-shoe extensions. 

4, Fill cage and ball assembly for front bearings with the light grease 
mentioned above, put it on over the shaft and place it on the inner race. 
Note: If the magneto is an AG 12-D the cage and ball assembly must 
be placed in outer race in front end plate and assembled with it. 

5. Observe the arrow on top of the main cover to find direction of 
rotation for which internal timing was originally set. If arrow points 
anticlockwise, as viewed from the drive end of the magnet, match 
all timing marks “‘G.” If arrow points clockwise, match all timing 
marks ‘““D.” Suppose the magneto to be assembled is an anticlockwise 
or left-hand rotation: 

6. Turn rotating magnet until the marked tooth on back of small 
distributor gear is up in view so that it may be matched with the marked 
tooth on the large distributor gear. 

7. Take up front end plate and put in on overdrive end shaft until 
edges of gears are about to touch, holding the plate in one hand and 
guide the mark on the large distributor gear by turning the distributor 
cylinder with the other hand. When the marked tooth on the small 
gear and the marked tooth on the large distributor gear are matched, 
push the front end plate up against the magneto housing and secure 
by means of the two screws and studs provided. 

8. Test rotating magnet for end play. There should be none. The 
bearings should be just tight enough that when the magnet is turned 
about 30 degrees from the neutral position it will return to the neutral 
position by its own magnetic pull. 

9. Replace breaker assembly for final setting. Set contact points 
so that their maximum opening will be 0.012 inch. The small gage 
on the Scintilla contact point wrench may be used for this purpose. 

When contact points are set at 0.012 for maximum opening the 
clearance between back of breaker arm and face of fiber stop should 
be from 0.002, to 0.010 inch. 
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Check clearance on each cam lobe. The cam must run true within 
0.0005 inch. 

10. The internal timing of the magneto must now be checked. 
Turn rotating magnet until No. 1 on large distributor gear is in line 
with the mark in the timing window; the supplemental timing marks, 
located on inside edges of large distributor gear and the front end plate, 
should also be in line at this time. 

By slowly rocking rotating magnet with the breaker in full advance 
position, the points should be just on the instant of opening as No. 1 
and its mark and the supplemental timing marks come in line with 
each other. Hold rotating magnet with timing marks in line and with 
one hand place the right distributor block in position. When magneto 
is correctly timed, the No. 1 electrode will coincide with a segment on 
the distributor cylinder. 

11. Remove breaker assembly; this permits an easier installation of 
the coil. 

12. Place coil between pole-shoe extremities. This is best accom- 
plished by sliding coil in from the back and moving it forward into 
position. The coil fits tight and often causes the pole-shoe extensions 
to shear off a very thin piece of the fiber side plate. Take every 
precaution that none of this fiber gets in between the ends of the core 
of the coil and the ends of the pole-shoe extensions. Secure coil with a 
fastening screw in each end of the core. 

13. Replace breaker assembly. Spin magneto; if properly assembled 
and timed a good snappy blue spark will jump across the safety gap. 
The safety gap should be not less than 3¢ or more than 14 inch. 

14. Put main cover in place. Take great care that it fits housing. 
Have bottom edges of main cover smooth. It is important that cover 
fits housing accurately since the top extension of cover acts as a stop for 
the distributor blocks while the housing supports them at their lower 
end. Any serious misalignment would result in injury to electrodes 
in the distributor blocks and segments in the distributor cylinder. 
Fasten main cover to housing with two long screws provided. 

15. Replace breaker cover. Fasten spring clamps and safety. 

16. Replace distributor blocks. Match them up with the number 
dises on the sides of the top of the main cover. Fasten distributor 
block spring clamps in place and safety. This completes the final 
assembly. ‘ 
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Testing Magneto. Mechanical—Where the equipment is available, 
the magneto should be tested immediately after final assembly is 
completed. Its operation during the bench test gives the experienced 
mechanic an accurate knowledge of the mechanical and electrical condi- 
tion of the magneto: 

Mount magneto on test bench and remove breaker assembly. Run 
magneto up to about 1,000 r.p.m. and listen carefully to its running. 
- The period of any unusual or irregular noise as compared with drive 
shaft speed, will give a good indication as to its origin. 

While listening to the magneto, note the hum of the gears. When 
running properly they will have a consistent hum. The pitch of this 
hum will vary slightly for different magnetos, but will be consistent for 
a given magneto when gears are running properly. 

When there is foreign material imbedded in the face of the large 
gear, it will cause an audible click or knock each time it is turned against 
the small distributor gear. If it is in the face of the small distributor 
gear, the period of the knock will be that of the drive-shaft rotation 
since the small gear is keyed to the drive shaft. 

Should the gears run irregularly and tend to chatter, there is excessive 
play either in the distributor gear axle bearing or between the teeth of 
the gears. 

If there is a knock in the magneto housing, it is usually caused by the 
laminated poles hitting the pole shoes. Most trouble in the magneto 
housing is caused by small metal parts, such as filings, chips, broken 
lock washers, etc., that are picked up while the rotating magnet is 
laying on the bench. They are thrown out by centrifugal force and 
cause serious damage to the rotating magnet and pole shoes. 

Unusual tightness or rubbing in housing may be noticed by the 
magneto running exceptionally warm during test. If the condition 
is bad, it will be noticed by an irregular and unusually hard turning, 
when the drive shaft is turned by hand prior to the test run. 

Electrical —Replace breaker assembly and wire up distributor blocks 
to spark gap, which should be of the three-electrodes type in order 
to obtain good and consistent results for testing. The third electrode 
is a static point located so that it meets the live point at an angle 
of 90 degrees and is set with an air gap of about 0.002 inch between 
static point and live point. 

The live point is the one connected to the distributor block by the 
high-tension cable. 
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The gap between the live point and grounded point is to be 7 mm. 
(945 in.). Keep all points sharp and clean to obtain best results. 

Run magneto for about 10 minutes at a speed of 900 to 1,000 r.p.m. 
Observe points at start of test. Should they are excessively, remove 
breaker and clean them thoroughly. Have points dry and free from 
grease before replacing breaker. After 10 minutes at above speeds, 
run magneto up to 2,800 r.p.m. and maintain this speed for at least 5 
minutes. 

Observe the contact points. There should be very little sparking 
at points when they are clean and seat properly on their contact area. 

Test primary grounding circuit at this stage of the test with a piece 
of wire. Put one end in the hole in fastening screw for ground wire 
and touch the other end to magneto body or frame of test stand. The 
spark across the gap should cease the instant the free end of grounding 
wire is touched to magneto or frame of test stand. The next running 
speed should be not less than 3,500 r.p.m. while 4,000 r.p.m. is desirable. 
Maintain this speed for at least 10 minutes. 

Observe spark closely. A consistent miss can readily be detected. 
A slight scattering miss will be detected by a momentary break in the 
spark flame between the electrodes. A magneto, the internal timing 
and assembly of which is correct, will regularly fire across a 7 mm. (9% 2 
in.) air gap at 4,000 r.p.m. ; 

Observe contact points. They should run practically free from 
arcing by the time the test has progressed thus far. The next test, 
after the high-speed test, is to obtain the coming-in speeds. The 
coming-in speed is the lowest speed at which the magneto will come in 
and fire consistently across the 7 millimeter air gap. 

The maximum coming-in speed allowed for full advance is 120 r.p.m. 
while that for full retard is 240 r.p.m. 

Coming-in speeds higher than those just given would indicate a 
magneto of low electrical efficiency. This may be due to improper 
internal timing or to the rotor having lost some of its magnetism through 
improper handling after being recharged or by spinning the rotating 
magnet without a keeper across the pole shoe extensions. 

The booster starting circuit should be tested after the finish of the 
running tests. Use a hand magneto or vibrating high-tension coil as 
the source of high tension current. Connect high-tension booster 
current cable to terminal marked “H.” Rotate magneto by hand. 
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Start with No. 1 in the timing window and observe that a spark jumps 
all gaps in the correct serial order as given by numbers on distributor 
blocks. Bear in mind that because the booster segments trail the 
service segment of the distributor cylinder, the booster spark will occur 
late, for example, when No. 1 shows in the timing window, the booster 
current will jump No. 12 gap. The same principle applies to the eight- 
and nine-cylinder magnetos. 

A deviation from this serial order or no spark at all across gap indi- 
cates that the booster circuit is not correct. Examine parts for fine 
cracks or burnt spots indicating a short-circuit of the booster current. 

Installing the Magneto on and Timing It to the Engine.— Make sure 
that the magneto shaft half of the drive coupling is seated and keyed 
on taper of drive shaft and then locked by nut and washer and safetied 
with a cotter pin. Spin magneto and note that drive shaft half of 
coupling runs true. 

Inspect magneto base. See that the 3-16 threads in the hold-down 
holes have not been stripped or that the start of the thread has not been 
closed, thus having a tendency to cause capscrew to cross threads. 
When necessary, clear up threads with a 3¢-16 tap and then clean holes 
thoroughly. 

Note dowel-pin holes. They should fit pins very snugly but not so 
tight as to cause difficulty in getting magneto down on surface of its 
support. See that the base of the magneto is smooth and makes good 
contact with the bracket surface. 

Having made use of the above instructions and any other information 
that the mechanic has found to be useful from previous installations 
of this nature, the magneto is ready to be secured. 

It is imperative that the length of the 3g-16 capscrews be correct. 
When in doubt as to correct length, it can best be obtained by direct 
measurement. Making allowance for the thickness of the washer 
used on the screw, the length must be such that when the screw is tight, 
it will not have less than 7{¢ or more than 14 inch of its threaded length 
in the 3<-16 hole in the base of the magneto. When the correct length 
is established draw the screws up tight and safety. 

Timing.—Turn engine slowly as piston in cylinder 1 comes up on 
compression. Stop when the full advance position for the ignition, 
as given by the engine manufacturer, is reached. This point is given 
in degrees before top center (B.T.C.) and is marked on the timing disc 
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to be used witn the engine. At this point the magneto is to be coupled 
to the engine, the following instructions having been very carefully 
noted and followed. 

The No. 1 on the large distributor gear can be seen through the timing 
window located under the front oil-hole cover. When this No. 1 is in 
line with the white mark at the top of the timing window it indicates 
that the contact points are at the instant of opening with the breaker 
fully advanced and the No. 1 electrode on the distributor block is 
registering with the proper segment on the distributor cylinder. 

Some installations do not permit of this window being used. In such 
cases the supplemental timing marks must be used. They are located 
on the inside surface of the large distributor gear and the front end 
plate and are so arranged that when they coincide with one another the 
contact points are at the instant of opening. 

Fasten the spark plug cables to the distributor blocks. The numbers 
on the distributor blocks show the serial firing order of the magneto. 
The numbers on the top of the main cover are for the purpose of locating 
the right and left distributor blocks to their respective sides. 

Observe that each magneto is wired to its proper set of wires as given 
by the engine manufacturer and that the wires lead from the magneto 
so that No. 1 on the distributor block goes to No. 1 on first cylinder in 
the firing order of the engine, while No. 2 on the.distributor block goes 
to the second cylinder in the firing order of the engine; No. 3 on the 
distributor block goes to the third cylinder in the firing order of the 
engine, etc., until all cylinders have been wired in their proper firing 
order. Clamp distributor blocks in place. 

The letter ‘‘H” marks the terminal to which the booster wire is to be 
connected. The letter ““P” marks the terminal to which the ground 
or short-circuiting wire from the magneto switch is to be connected. 
The arrow indicates direction of rotation of the magneto when viewed 
from the drive end. 

Tighten and lock the drive coupling. The advance lever linkage is 
to be connected to the advance lever on the magneto, special attention 
being given that full advance and retard are obtained when the spark 
lever in the cockpit is moved to its full advance and retard positions. 

Special Instructions. Changing Direction of Rotation.—Disassemble 
magneto. Pull the cam and observe the small D and G stenciled on the 
face of the breaker end shaft. Assuming that this is te be a change of 
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rotation from anticlockwise to clockwise, remove Woodruff key from 
keyway marked G and replace in the one marked D. Replace cam and 
pull cam fastening screw up tight. 

Remove distributor cylinder and then the large distributor gear. 
Remove small dog screw from G@ (within the circle) and replace in 
threaded hole marked D. Lock end of dog screw in face of distributor 
gear. 

Note that G (without a circle around it) is to be used only when the 
magneto is for anticlockwise rotation and has no booster connection. 

Remove the timing window and the supplemental timing marks on 
the inside surface of the front end plate. Replace large distributor 
gear and distributor cylinder. The distributor cylinder is now in the 
correct position for right hand rotation. 

Observe that the collector ring for booster current has a D and G on 
its face, located 180 degrees from each other. There is a mark on the 
inside face of the distributor cylinder with which either the D or G must 
line up, depending upon the direction of rotation. 

Remove collector ring for booster current and turn it so that D is in 
line with the mark on the inside face of distributor cylinder. Replace 
and fasten collector ring for booster current to distributor cylinder with 
fastening screws provided for it. . 

Remove end cover with advance lever from breaker assembly. 
Unscrew dog plate fastening screws and remove dog plate. Now care- 
fully lift the bayonet lock latch and spring off breaker cage. Remove 
the bayonet lock spring from the bayonet lock latch, turn it over and 
put it back in place. This is done in order that the lock spring may hold 
the breaker assembly in full advance. 

The contact breaker lever axle and breaker lever are to be removed. 
This permits of an easy exchange of locations for the fibre stop and the 
long contact screw. Remove long contact screw and fibre stop and 
replace each one in the opposite hole. 

Reverse contact breaker lever and replace so that the contact points 
match. Screw breaker lever axle in tight and lock threaded end to 
breaker cage. 

Now replace bayonet lock latch and spring. Note that each end of 
the spring is secured. One end fastens in bayonet lock latch while 
the other or inside end fastens in breaker cage. Replace dog plate 
and secure with dog plate fastening screws. Lock screw heads to dog 
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plate. Fasten end cover with advance lever in place and the breaker 
assembly is ready for clockwise rotation. 

Recharge rotating magnet; note that it is clean and free from clinging 
metal particles and replace in magneto housing. Turn magnet until 
marked tooth on distributor gear is up. 

Take front end plate and put in position for matching gears. Turn 
large distributor gear until tooth marked D lines up with marked tooth 
on small distributor gear. Mesh gears and slide front end plate into 
place and fasten to magneto housing with nuts and screws provided. 
Replace contact breaker assembly. Turn rotating magnet until 
the number 1 on the distributor gear appears in the opening for the 
timing window in the front end plate. 

Now hold the rotating magnet so that the contact points are just at 
the instant of opening and then replace the timing window so that the 
white mark therein will coincide with the mark on the large distributor 
gear directly above the number 1. 

Re-mark the front end plate with new supplemental timing marks 
that will coincide with the original marks on the distributor gear. 
The new marks will be correct for clockwise rotation of magneto. Re- 
place main cover and change rotation indicating arrow from anticlock- 
wise to clockwise rotation. Change number dises to correspond with 
clockwise rotation as shown in distributor block diagrams and replace 
distributor blocks. The magneto is now ready for test as a clockwise 
(R.H.) rotating magneto. 

If it is necessary that the direction of rotation of the magneto be 
changed it is strongly recommended that the magneto be sent to the 
factory for this purpose. 

Adjusting End Play of Rotating M ee —As there is only 0.002 inch 
air gap between the rotating magnet and the pole shoes, and in consider- 
ation of the design of the ball bearings, it is imperative that there be a 
very careful adjustment of the axial or end play of rotating magnet 
between its bearings. 

Since the rotating magnet exerts a certain amount of attraction 
between its poles and the pole shoes, when turned from the neutral 
position, advantage is taken of this pull to get the correct adjustment of 
the ball bearings. 

The end play adjustment is really carried beyond the point where a 
mechanic could actually feel even the slightest hint of end play. The 
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correct adjustment is observed by turning the rotating magnet away 
from its neutral position and noting how far the trailing edge of the 
rotor slot can be from the edge of the opening between the pole shoes 
and still return to its neutral position. Obviously, the closer the edge 
of the slot must be to the pole-shoe edge in order to pull back to neutral, 
the tighter the bearings. 

It has been found in practice that when the distance between the 
pole-shoe edge and the rotor-slot edge is from 3 to 34 inch, the adjust- 
ment is satisfactory, while 5g inch is the desirable adjustment. 

The adjustment of the end play is obtained by means of steel spacing 
washers which fit in between the inner ball races and the rotating magnet. 
Keep the total thickness of spacing washers just as nearly equal as 
possible on each end. These spacing washers come in thicknesses of 
0.05, 0.1, 0.2, 0.3, 0.4, and 0.5 of a millimeter, which is approximately 
0.002, 0.004, 0.008, 0.012, 0.016 and 0.020 inch, respectively. 

Installing Outer Bearing Races.—The outer bearing races are insulated 
from the magneto by strips of a specially prepared material. They are 
also backed by washers of the same material which is very rigid and will 
stand considerable pressure. Thus the ball bearings are free from 
minute electric arcing which causes the balls to turn black and promote 
excessive wear. These ball races are readily removed by a specially 
designed puller and are easily pressed in by another tool. 

There is a recess cut in the metal where the outer races fit. This 
recess allows the overlapping of the ends of the insulating strip. There 
is another recess cut in the metal back of the insulating washer. This 
is for oil. 

In installing an outer race, first put the washer in so that the cut in it 
will line up with the oil recess. Then spread a few drops of oil evenly 
over one side of the insulating strip. Take strip up and bend it in a 
circular form, with the oiled side inside, and overlap the ends enough 
to allow the strip to fit easily into the container for the outer race. 
When it is released, it will expand against the container walls and the 
ends will overlap slightly in the recess cut for them. 

Place outer race squarely inside the insulated strip and press until 
race seats against insulating washer. The race should have a light 
press fit which may be obtained by the selection of insulation strips 
of the proper thickness. Great care must be exercised in keeping in 
line the rage and the front end plate, or the race and the magneto 
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housing as the case maybe, so that the race will not cut the insulating 
strip or, by not being seated squarely, it would result in serious injury 
to the ball races or the cage and ball assembly. 

Contact Points—The life of the contact points depends to a great 
extent on how clean they are kept. Therefore, take particular pains to 
keep them as clean as possible. File them only when it becomes 
absolutely necessary for the best operation of magneto. 

The gap between contact points when fully opened should be main- 
tained at 0.012 inch. Use the gage on the Scintilla wrench for this 
purpose. Keep points in alignment. 

Adjusting Fiber Stop.—The fiber stop is mounted in the insulated 
support just back of the top of the breaker lever. Its function is to 
limit the travel of the breaker lever at high magneto speeds. The fiber- 
stop clearance is measured between the face of the stop and the back 
of the breaker lever. The clearance must be measured with the points 
fully opened. 

The fiber-stop clearance must not be less than 0.002 inch. This may 
be obtained in a practical way by using a 0.002 feeler, placing it behind 
the breaker lever and turning rotating magnet until the points are at 
their maximum opening. The tension on the feeler, as it is pulled from 
between the back of the breaker lever and the fiber stop, should be just 
enough to allow it to be withdrawn easily. 

Care should be taken in filing fiber stop so that when proper 
clearance is obtained and the breaker lever is pushed back against 
the stop the whole surface of the stop bears against the back of the 
breaker lever. 

It is impractical to state a maximum fiber-stop clearance which could 
be applied impartially to all Scintilla magnetos, inasmuch as the fiber 
stops and camfollowers and contact points do not wear exactly alike. 

Distributor Block Electrode Clearance-——There will be very little 
necessity for putting in new electrodes in the distributor blocks. Should 
it become necessary, however, it is very important that they have the 
correct clearance. The minimum clearance should be 0.030 inch. 
The maximum clearance should not be over 0.050 inch. Templates 
for measuring these clearances may be obtained from the manufacturer. 

Adjusting Mesh of Large Distributor Gear—This adjustment. will 
rarely be found necessary. In the event that the large distributor 
gear requires replacement, adjust gear as follows: 
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To raise gear, loosen fastening screws on distributor gear axle flange 
and drift axle slightly to the right as viewed from the distributor gear 
side of the front end plate. To lower gear, drift axle slightly to the left. 
Tighten fastening screws for distributor gear axle and lock outer ends 
to outside surface of front end plate. 

Timing Magneto by Means of Lights—This practice can be followed 
very easily while magneto is on the repair bench and the coil is not 
installed, and will serve as a very accurate means of checking the 
internal timing of the magneto. 

Once the coil is installed, however, and the magneto is mounted on the 
engine, the timing marks on the magneto will be found sufficiently 
accurate to meet all practical requirements for timing magneto to the 
engine. 

With coil in place, the internal circuits and construction of the mag- 
neto are such that if an external source of current is applied to the con- 
tact points, there is the danger of the coil acting as an electromagnet 
and weakening the magnetic qualities of the rotating magnet, thus 
impairing the efficiency of the magneto. 

Oiling the Magneto.—Proper oiling is of vital importance for the 
satisfactory operation of the magneto. Use the Pest grade of medium 
bodied oil obtainable. 

Put from 30 to 40 drops of oil in the front oil holes or until it appears 
at the overflow hole for the distributor gear axle bearing. This hole is 
located about 1 inch below front oil hole cover. Put about 3 to 5 
drops of oil in the back oil hole. Note that the felt wick in the bottom 
of breaker cage is thoroughly saturated with a heavy bodied oil. 

Oil magneto thereafter at regular intervals of about 10 hours of 
running. 


AIRPLANE ENGINE SUPERCHARGERS 


Supercharging may be, briefly, defined as supplying air to the intake 
manifold of an engine at a pressure which is equal to or higher than the 
pressure of the surrounding atmosphere. In the ordinary type of 
internal-combustion engine the pressure in the intake manifold is lower 
than the pressure of the surrounding atmosphere due to the drop through 
the carbureter; therefore, if air is supplied to the intake manifold at a 
pressure equal to that of the surrounding atmosphere the principle 
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of supercharging is still applied as some initial pressure must be supplied 
to the entering air to overcome the drop through the carbureter. 

In general, supercharging is used to obtain one or more of the following 
results: 


1. To maintain the rated sea-level power of an engine at increased altitude. 

2. To increase the power output for a given size of engine. 

3. To decrease the engine size for a given power output. 

4. To thoroughly mix and vaporize the air and the gasoline. This is 
accomplished by passing both the gasoline and air through the supercharger 
impeller and diffuser and can be used with either of the three principals 
given above. 


Fia. 10.—General Electric Co. type of supercharger. 


The supercharger which the General Electric Co. manufactures 
consists of an impeller that is driven through gears by the gas engine 
and the casing which is made an integral part of the engine itself. 
Figure 10 shows the impeller and the halves of the casing of the General 
Electric supercharger which is used on the Wasp engine. 

The impeller is made of duralumin and varies from 6 to 8 inches in 
diameter and weighing from 114 to 2 pounds. The impeller operates 
at speeds of 10,000 r.p.m. and up, depending on the amount of super- 
charging required. The gear-driven supercharger is very easily applied 
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to radial engines and does not add any appreciable weight to the engine 
nor does it increase the length. 

Some of the advantages which may be expected from the use of super- 
chargers with airplane engines are as follows: 


1. Increased maximum altitude. The ceiling of the average plane may 
be increased approximately 80 per cent by use of a supercharger, 

2. Increased speed. 

3. Increased rate of climb. 

4. Better fuel economy at high altitude. 

5. Better performance at low altitude. 

6. The fuel is completely vaporized and uniform distribution to all 
cylinders is obtained. 


Superchargers of the Root, or impeller type, are run much slower, as 
from 3,500 to 7,500 r.p.m. Both types require gearing of the best steel 
and workmanship obtainable and the bearings of the gear shafts must 
have careful attention. The fluctuation of engine speed in itself 
imposes severe stresses on the gear teeth. 

Still another type of supercharger has been tried. This is driven 
from the exhaust gasses of the engine going through asmall turbine which, 
in turn, drives a smali centrifugal pump at high speed. This type is, 
however, still experimental. 

Superchargers are also used on racing automobiles to increase the 
power obtained from an engine of given size and some advocate its 
use on commercial engines. There is more need for the supercharger 
on the airplane engine even if it does not often travel at very high 
altitudes but, as yet, it has not become part of the commercial engine. 


ENGINE REDUCTION GEARS 


Because the high speeds at which the modern airplane engine runs, 
in order to secure maximum power at minimum weight, there is a loss 
in propeller efficiency due to the limit placed on its diameter. For this 
reason it is desirable to use larger propellers on planes built for low 
speeds and so reduction gears are placed between the engine and the 
propeller. The gain in propeller efficiency is found to counterbalance 
the extra weight and the loss in the gearing. 

Three types of reduction gearing are shown; the first the plain spur 
type gear, then the spur gear planetary gear reduction and finally two 
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types of bevel gear reductions. The spur gear reduction, (Fig. 11) 
was built by the Allison Engineering Company of Indianapolis for 
the Packard Company. Figure 12 is a planetary-spur gear reduction 
by the same concern, while Figs. 13 and 14 show two bevel gear reduc- 
tions using different constructions. Figure 13 is the Jupiter gear, while 


4 a 
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Fig. 11.—Spur gear reduction for Packard engine. 


Fig. 14 is that used by the Pratt & Whitney Company for their 
Hornet engines when reduction is necessary. 

In Fig. 11 the action is clear at a glance. In Fig. 12 the internal gear 
A, with its bell-shaped web, is bolted to the flange on the engine crank- 
shaft and driven by it. At B is the large end of one of the planet gears, 
the small end of the same gear, C, driving final gear D, which, in turn, 
drives the propeller hub through the flexible coupling EZ. Ball and 
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roller bearings are used throughout. This reduction gear was used 
on Liberty engines. 


Fic. 12.—Spur-gear planetary reduction. 


The Jupiter reduction gear (Fig. 13) incorporates the Farman patented, 
self-centralising bevel reduction gear. The driving gear at the right is 


Fia. 13.—Jupiter bevel reduction gear. 


connected to the crankshaft of the engine and drives the large gear at 
the left. 


A 
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The construction of the Hornet reduction gear (Fig. 14) is entirely 
different, and is patented. The engine drives the bevel gear A which 
rolls the bevel gears as B between the driving gear and the stationary 
gear C. The ring that carries the bevel gears turns between the two 
bevel gears and drives the propeller sleeve at one-half engine speed 
through the toothed connection between the bevel-gear ring and the 
sleeve flange at D. Both the revolving shafts are run in large ball 
bearings with a roller bearing next to the crankcase. The small bevel 
gears also run in ball bearings. 


Fig. 14.—The Hornet bevel reduction gear drive. 


Engine Starters.—Although many airplane engines are still started 
by pulling the propeller there is a growing tendency to use mechanical 
starters, following the automobile in this respect. Owing to the weight 
of a starting battery, small planes favor the inertia starter that is 
operated by hand. Larger planes, however, are using batteries for 
lighting and utilize the same battery for starting. The application 
differs from the automobile as the battery is not called upon to start 
the high-powered motor directly, as in automobile practice, but it 
simply turns a small motor that brings the inertia starter up to speed 
instead of doing this by hand. 

The inertia starter simply stores energy in a small flywheel A, (Figs. 
15 and 16) that is accelerated to high speed, from 10,000 to 16,000 r.p.m., 
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either by hand crank or by a small motor. This stored energy is 
transmitted to the crankshaft of the engine by multiple-reduction 
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Fig. 15.—Aeromarine inertia starter. 


Fic. 16.—Gearing of Aeromarine starter. 


gearing, through a driving clutch and an overload release. The crank 
is turned with a gradually increasing speed, much as hand-driven 
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cream separators, requiring from 15 to 30 seconds to bring the flywheel 
up to speed. The handcrank turns from 70 to 80 r.p.m. to secure the 
proper speed, and, if allowed to run down, will require from 10 to 15 
minutes. 

After the flywheel has been brought to speed the crank handle is 
removed, and the operating rod, C, pulled to engage the starting clutch 
with the crankshaft. Owing to the heavy gear reduction this clutch 
shaft is revolving rather slowly, but has great power and turns the 
engine over several times without difficulty. As soon as the engine fires, 
the starter clutch is thrown out of mesh automatically and, in case of 
backfire, there can be no injury to either the operator or the starter 
itself. As the starter does not engage with the engine until after the 
flywheel is up to speed, the temperature or the stiffness has no effect 
on the effort required to get the starter up to speed. 

Among the well-known starters are the Aeromarine and the Eclipse, 
both operating on similar principles and both now built by the same 
company. The capacity of the Aeromarine starter is given as follows: 


When cranked | Fly- | Starting energy | Approx. horse- 
to these r.p.m. |wheel, available, |power of engine 
hand crank r.p.m.| pounds per foot | this will start 


Cranking 
time, seconds 


15-20 42 8,000 1,715 200 
25-30 63 12,000 4,287 400 
35-40 83 16,000 6,860 800 


The Eclipse starter is rated by the cubic inch of displacement of the 
cylinders rather than horsepower. One size, Series 6 being for engines 
up to 1,350 cubic-inch displacement and the Series 11 for engines up to 
2,500 cubic inches. The weights are given as 23 pounds for the Aero- 
marine and from 1914 to 2114 for the Eclipse, both hand operated. 
In some cases, a booster or auxiliary magneto is mounted on the hand- 
operated starter to give a specially hot spark for starting. 

For small engines of 100 horsepower or under, such as the well known 
OX-5, the makers of the Eclipse starter supply an electric starter that 
operates exactly as the starters in use on automobiles. A small pinion 
on the shaft of the starting motor engages a ring gearson the flywheel 
of the engine. 
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The Heywood Starter.—The Heywood starter, (Fig. 17) works directly 
in the cylinders themselves. It consists of a small air compressor 
geared to the engine that accumulates air pressure in a steel-tube tank, 
6 X 26 inches, and containing about 14 cubic foot of air which iscom- 
pressed to 400 pounds per square inch; this pressure being controlled by a 
safety valve, being but one-third of the pressure that the tank receives 
in test. A small copper tube leads to each cylinder; the passage of air 


Fia. 17.—Heywood compressed air starter, 


being controlled by a distributor that is timed with the engine. A pull 
of the starter button admits high-pressure air to the cylinder or cylinders 
that are on their power stroke, forcing the pistons down and turning 
the engine at about 300 r.p.m. At the same time a small amount of 
compressed air carries a mixture of gasoline into the cylinders that is 
fired and starts the engine, regardless of weather conditions. Should 
the starter button be pulled while the engine is in motion the starter 
acts as an pecelerator and does no damage. The maximum weight. 
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including all parts, is given as 30 pounds. Figure 17 shows a Heywood 
starter in place on a Whirlwind engine. 

Electric Generators for Airplane Use.—The airplane is following 
somewhat in the footsteps of the automobile regarding the use of 
storage batteries to operate running lights, landing lights, special 
lighting equipment, and starters. This demand led to the develop- 
ment of the voltage regulated generator, to be driven either from the 
engine or by a small propeller, the voltage regulation keeping the battery 
at nearly full charge. The regulators are set for a voltage of 1434 volts 
for charging a 12-volt battery, as is generally used. The charging 
voltage can, however, be regulated for special conditions. Where the 
generator is wind driven the use of a single-bladed propeller is quite 
common, it being easier to balance one blade by means of a counter- 
weight on the other end of the hub than by using a second blade. Both 
wind-driven and engine-driven generators are similar except that, as 
the wind-driven generators usually run at a much higher speed, the 
windings are varied to suit. 

Engine-driven generators weigh from 15 to 20 pounds depending 
on the output demanded. The normal speed is 2,250 and the output 
from 15 to 25 amperes. These figures refer.to the Eclipse generator. 

Airplane Landing Gears.—Landing gears must be both strong and 
resilient to support the plane in landing and prevent too much of a 
shock even when the landing is not as smooth as might be desired. 
A little error in judging speed or distance from the ground makes a 
great difference in the stresses imposed on the landing gear and on the 
whole plane. Then, too, even slight inequalities in the surface of the 
field that would not be noticed at slow speed become very evident at a 
high-landing speed. 

The two main types of landing gears are those having a solid or con- 
tinuous axle from wheel to wheel and what is known as the “split” 
type of gear, in which each wheel is carried on an independent landing 
bracket built out from the lower part of the fuselage. The tendency, 
at present, seems to be toward the split type of landing gear as can be 
seen from the illustrations in Sec. II. 

Among the earlier efforts to increase the speed of planes was the 
trials of the retractible landing gear in which the wheels were drawn 
up into pockets in the fuselage after the plane was in the air. 
The object, of course, was to reduce the parasite resistance of the wheels 
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and the landing braces as much as possible. This method did not 
grow into favor for land machines but has been adopted by builders of 
flying boats, notably Loening, Fokker, and Sikorsky, in their amphibian 
planes, to enable them to land on either land or water. In the Loening 
design the wheels disappear into the hull of the boat while in the Fokker 
they fold into a horizontal position at the end of the stream-lined 
supports that also raise into a horizontal position. 


¥iqg. 18.—Fairchild tail wheel mounting. 


Shock absorbers and brakes are now standard equipment on many 
planes, some of which are illustrated here. 

Some plane builders are using small wheels under the tail of the 
fuselage instead of the skid. The use of brakes has made the skid 
unnecessary in retarding the plane after it lands. The tail. wheel on 
the Fairchild, Fig. 18, is hung in a double triangular frame, its move- 
ment being checked by the heavy rubber bands shown. 

Shock Absorbers.—Shock absorbers of various kinds are taking the 
place of the rubber-band devices that were first used to lessen the shock 
of landing the plane. Among the mechanical devices is the Aero 
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Landing Strut (Fig. 19) and which is built into or placed between the 
axle of the landing gear and the fuselage of the plane. The strut con- 
sists of telescoping cylinders filled with oil and air. Within one of the’ 
cylinders is a piston and-valve mechanism that absorbs landing shock 
through the use of compressed air and oil. 

When the wheel strikes the ground the blow is transmitted to the 
strut piston which absorbs the impact by sliding up into the cylinder 
and building up an air pressure as it moves, and cushions the shock. 


Fie, 19.—Aerol landing strut. 


When the piston reaches the top of its stroke, the oil-controlled check 
valve operates automatically and prevents recoil. The air pressure 
built up in the cylinder is dissipated through the hydraulic action and 
returns the piston to its normal position ready for the next impact. 
This action eliminates all rebound except that due to the tire. 

When the plane is taxiing normally across the field the strut is com- 
pressed to about 75 per cent of the full extension when in flight. This 
indicates that the static load of the plane only causes the piston to 
move 25 per cent of its full stroke. This 25 per cent compression forms 
the air cushion for the initial landing impact and permits the gradual 
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building up of load over an appreciable time so that what would other- 
wise be jerky hops become gentle undulations. 

The Waco shock absorber is shown 
in detail in Sec. III in connection with 
the rigging of the Waco plane. 

The Edgewater Strut.—One of the 
problems in a landing-gear strut is to 
get proper spring action for taxiing and 
sufficient cushioning for landing; at 
the same time. keeping down the 
weight. In the Edgewater strut, Fig. 
20, an unusual spring is combined with 
the oleo piston. The spring is made 
up of two parts; a series of inner and 
outer rings with angular surfaces where 
they bear on each other. In action, 
the inner-spring rings are compressed 
in diameter, while the outer rings are 
enlarged. This type of spring is said 
to absorb: two-thirds of the work put 
into it but to give back only one-third 
in recoil. There are no packing glands 
and oil leakage is negligible as the oil 
never gets above the test plug which 
is lower than the top of the outer tube. 
Once in position this strut needs no 
packing adjustments or the addition of 
alr, or other attention. 

Stearman Rubber-draulic Landing 
Strut.—This type of landing strut com- 
bines the use of rubber shock cord and 
hydraulics so as to handle the racking 
stresses of both landing and taxiing. 
The method of combining these two 
shock-absorbing elements is shown in 
Fig. 21, where it will be seen how the hydraulic cylinder is in the center 
of the three tubes forming the upper member and that-the plunger goes 
into the cylinder beneath that slides between the two outer arms with the 
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Fig. 21.—Stearman combined hydraulic and rubber landing strut. 
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projections that carry the rubber shock-absorbing cords. The whole 
mechanism is enclosed in the stream-lined casing that both protects it 
and reduces the air resistance. This is shown in place in Fig. 22. 


Fic, 22,—Stearman landing strut. 


Airplane Wheels and Brakes.—It is very necessary that wheels used 
in airplane landing gears be sufficiently strong to withstand the shock 
incident to landing the plane, even under adverse conditions, such as 
rough ground and uncertain light. One of the wheels used for this 
purpose is known as the Sauzedde and is illustrated in Fig. 23. This 
is a closely laced-wire spoke wheel and is made in sizes from 28 X 4 
to 54 X 12, the latter being capable of sustaining a weight of 50,000 
pounds. These wheels are made to suit a large variety of plane 
requirements. 

The Bendix wheel is made of aluminum-alloy sheets fastened to a 
long hub and having one side recessed to carry a braking mechanism 
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Fig, 23.—Sauzedde wire landing wheel and brake, 


Fig, 24,—Bendix sheet alloy wheel and brake, 
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as seen in Fig. 24. The mechanism is on the side of the wheel next the 
center of the axle as in automobile construction. Brakes are becoming 
a part of airplane landing gear, removing the need of the tail skid that 
tears up the surface of a landing field. The brake gives the pilot much 
better control of his plane in landing and also enables him to hold his 
plane by the brake until ready to take-off. The use of the brake makes 
possible the use of a tail wheel instead of the skid. 

This brake is built on the ‘‘servo” principle so that a pedal movement 
of from 214 to 414 inches affords ample braking for planes weighing 
from 3,000 to 10,000 pounds. The accompanying table shows the 
dimensions and capacities of these wheels and brakes: 


SPECIFICATIONS OF BENDIX WHEELS 
eee 


: Minimum re- x 
‘ Approximate : - Maxi- 
: : quired braking ‘ 
Size weight, Axle mum tire 
ends load, S.A.E. ibaa 
standard 
Oversize 
Half tire 
Perea nadia, Sider ico. | tenet, |. 
Wheel | . and eter, ; plane 
inches | wheel neue pounds | pounds ae inches wéicht, 
pounds 
14 x 3] None | None nee 5,000} 1,800) 0.745 4 400 None 
18x 3 10 None en 6,000] 2,000) 1.245 5 525 20x 4 
24x 3 10 None 15 7,500) 2,500} 1.495 6 650 26x 4 
28x 4 10 None 17 10,000} 2,750) 1.688 6 1,000 30 X 5 
Bil) xe. 12 3 23 11,000} 3,300] 2.188 7.25 1,600 32 xX 6 
RPA a} 12 18 29 13,500} 4,050 2.188 7.25 2,200 36x § 
Base 12 20 31 20,000] 6,000} 2.688 7.25 4,000 None 
SOR Ss Geen cae etal 20,000} 6,000] 2.688 8.5 4,000 40 X 10 
44 < 10 20 40 65 35,000] 10,500) 3.188 10.0 6,000 None 
54 X 12 20 None 100 50,000] 15,000] 3.937 12.0 9,000 None 


* The 14 X 3 and 18 X 3 plain wheels are primarily tail wheels and are being designed as 
such. 24 X 3and 28 X 4 plain wheels could be built but are not recommended. 

Graphite bronze bearings are used and they must not be lubricated. The axle diam- 
eters shown in the table must be adhered to within 0.001 inch or operation of brakes will 


not be satisfactory. 


Another type of airplane wheel is the Kelsey-Hayes, a wire-spoked 
wheel of usual construction and made in the sizes shown in the accom- 


panying table: 
¥ 
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Main Dimensions oF AIRPLANE WHEELS Keuspy-Hayes WHEEL 


CorPoRraTION 
SORES SD ea ETA foe eran ee ra ee ee EP Ga eae 
Hub flange 
Weight,| Size of Penath sisee Outside Number 
pounds wheel Gees “, 5», | diameter and 
B, A, ee ae : 
‘ : GA diameter 
inches inches , 

inches spokes 

3.04 (14x 3 4 0.627 Lee 16—0. 104 
HeLO MM se 3 a 1.00 134 36—0.104 
610) 18'>¢'3 5 0.750 134 36—0. 104 
5.60 | 18 X 3 5 te 250 2% 36—0. 104 
26 X 4CL 6 1.50 i 40—O. 104 

26 xX 4 CL 6 1.50 3 52—0. 135 

7.43 | 26 xX 45S 5 1.50 2546 |40—O.104 
27 X 3149 met 1.690 254 52—O. 104 

27 X 34% 6 1.50 3 52—0.135 

13.02 | 27 k 33446 744 2.197 33¢ 64—0. 104 
19.00 | 27 x 3144 6 1.750 276 60—0.135 
27 xX 34 6 1.50 3 52—0. 135 

20.11 | 27 x 344 6 1.750 354 60—0.135 
13.50 | 28 x 4 5 714 2.197 334 64—0. 104 
28 xX 4 5 6 1.697 234 52—0.104 

28 xX 4 x <p 714 1.750 334 64—0. 104 
28 xX 4 xX x 6 7 1.750 37890 64—0.135 
28 X 4 x x 5 714 2.197 33g 64—0. 104 
28 x4 x x 5 6 1.50 3762 |64—0.104 
16.90 | 30 x 5 x 2x6 744 2 336 64—0. 104 
30 x 5 x x76 6.580 | 2 31376 |72—0.135 
24.00 | 30 xX 5 4 xX 6 6.580 | 2 344 72—0.135 
19390) | 32x16 x x8 714 2.197 35% 64—0.135 
18.75 | 32 x6 x x8 744 2.197 334 64—0. 104 
29.83 |36x8 Ss 734 2.502 434 96—0.135 
28.50 |36 x8 S< 714 2.178 4 80—0.135 
2.197 4 80—0.135 
2.697 4 80—O0.135 


Airplane Tires.—Tires for use on airplanes have been standardized 
and the sizes shown in the table below are made regularly for aviation 
use. The information is clear in most cases, A.W.T. meaning “‘all 
weather tread” F. B. ‘flat base,” and D. C. standing for “drop center 


rine 


Of special interest is the information on the load the tires can 


carry and the proper inflation which runs from 50 to 70 pounds pressure. 
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Floats or Pontoons.—Floats or pontoons, as they were formerly 
called, for permitting planes to land on the water, are made from both 
wood and metal, with the trend toward metal. Plywood and composite 
materials are also used, but strength and the tendency of wood to 
absorb water and so add materially to the weight of the float, has 
brought metal into favor. Both strong aluminum alloys and Monel 
metal are being used at present. 

A float for a Navy plane is shown in different stages of construction 
in Figs. 25 to 27. A fixture holds the different members in position 
while they are being riveted; Fig. 26 showing the cross-members and 


Frc, 25.—Construction of metal float for Navy plane. 


the bulkheads that divide the pontoon into compartments. Next 
comes the covering of the bottom with sheet metal and, finally, the 
completed float is seen in Fig. 27. This shows the cast pockets that 
receive the struts from the fuselage, the ten hand hole plates and the 
walk, or runway, in the center. The floats are 24 feet 6 inches long, 
44 inches wide, and 283¢ inches deep. These were built by the Glenn 
L. Martin Co. 

Another type of float built by the Edo Aircraft Corporation for 
smaller planes, is shown in Figs. 28 and 29. The first shows the method 
of construction and the other a pair of the completed floats on a Fokker 
plane. It will be noted that this design gives a wide, flat top that is 
easy to walk on and that the joint of the side and top sheets is vertical 
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Fia. 26.—Floats in different stages of construction. 


Fig. 27.—Completed float ready for mounting. 
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making a raised edge each side of the runway that aids materially in 
preventing the foot slipping off the float. 


Fig. 28.—The Edo method of float construction. 


Floats of Monel metal & are also used, the Navy having a number of 
seaplanes so equipped. Being a natural alloy of copper and nickel the 


mot 


Fig. 29,—Edo floats on Fokker plane. 


metal is not subject to corrosion, but is, of course, heavier than aluminum 
alloys. 


ENGINE AND PLANE ACCESSORIES 369 


PARACHUTES 


Parachutes are standard equipment in Army, Navy, and Mail service. 
The oldest and best-known commercial parachute in this country is 
the Irvin Air Chute, the 24-foot size being standard for general use 
and is known as the ‘‘service parachute.” It weighs about 18 pounds 


Fia, 30.—Seat- and lap-packed Irvin parachute. 


and the average rate of descent is 16 feet per second. They are also 
made in 22- and 28-foot sizes, these being for use in exhibition and 
training jumps. They are made in two styles for general use, the lap 
pack and the seat pack, the name denoting the way they are Worn as 
seen in Fig. 30. , For use in lighter-than-air craft a back pack is provided 
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which permits the wearer to walk about the ship or into the rigging. 
The 28-foot size is usually made in the back pack. It is, of course, 
slower in descent than the smaller chutes. 

Parachutes, to be effective, must enable the aviator or passenger to 
leave the aircraft regardless of its, or his position, and the operation 
must not depend on his falling from the craft. The chute must open 
promptly on being réleased and strong enough to stand the shock of a 
200-pound person falling at a speed of 400 miles per hour. It must be 
steerable to a reasonable degree by pulling down on one side or the other. 
The harness must hold the occupant, regardless of his position, and be as 
comfortable as possible. 

The fabric used is a woven high-grade silk and the suspension cords 
are also of silk. These will each take a pull of 400 pounds. The cords 
are continuous from one side of the harness to the other, going over the 
top of the chute, and are free from knots and splices. 

A small pilot chute, 30 inches in diameter, with steel ribs and a spring 
that opens on release from the pack, is fastened to the center of the main 
chute. When the container opens, the pilot chute springs out, catches 
the air, and holds the main chute out of the line of flight as well as 
insuring its opening. The pull ring by which the wearer releases the 
pack, the pilot chute first, is large and easily reached. The pull ring 
is under the left arm in the seat pack and on the top of the lap pack 
next to the body. 

The Russel Lobe Parachute——The Russel Lobe parachute has been 
designed to give rapid opening under almost any condition and without 
excessive shock. Its appearance is shown in Fig. 31. It is said to be 
easily packed even without experience by following instructions accom- 
panying the chute and is entirely operated by the user, without mechan- 
ical appliances of any kind. It is made in both silk and cotton and in 
two sizes for regular use. Special, large parachutes of 50-, 60- and 70- 
feet diameter, for controlling the entire plane, are also made to order. 

The construction of the parachute and pack eliminates the necessity 
for repeated repacking in order to insure efficiency. Repacking is 
advised only for inspection of the condition of the materials used in 
construction of the parachute canopy. These parachutes in constant 
use for more than 90 days, have proven efficient for emergency use. 
Inspection and repacking every 60 days is all that is necessary to insure 
the proper functioning of the ‘‘Lobe” parachute complete. 
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To Operate the “Lobe” Parachute For Safe Descent.—Be sure the leg 
strap snaps and breast strap snap are fastened and the rip cord ring of 
the parachute is in the pocket on the harness before leaving the ground. 

If it becomes necessary to jump, be sure to be clear of the falling 
plane before pulling rip cord. Never remove rip cord ring from pocket 
until clear of plane and ready to operate parachute. When pulling on 
rip cord ring, do so with vigorous jerk. Although a 10-pound pull is 
all that is required to operate the parachute, and while it will function 


Fia. 31.—Russel Lobe chute in action. 


perfectly with a steady pull, it is reeommended that a vigorous jerk 
be applied. This insures maximum speed of operation under all 
conditions and positions in which the wearer might be placed in respect 
to his line of flight. 

To change the direction of, or lessen the drift, due to wind, during 
descent, reach up and pull down on one or more lift webs on the side of 
the parachute facing the desired direction. This method may be used 
to select a safe landing place. 

Upon landing, let your knees bend under you as you would if jumping 
from a 6-foot elevation. Use cords to canopy to collapse parachute 
after landing, if heavy wind is blowing. 


SECTION VIII 
AIRCRAFT INSTRUMENTS 


Aircraft instruments are playing a constantly increasing part in the 
progress of aviation. The great expansion of the use of aircraft for 
commercial purposes under all kinds of weather conditions has made 
the importance of accurate instruments more fully realized. Instru- 
ments are now manufactured to indicate or record practically every 
possible phase of aircraft performance. They have been improved and 
perfected to such a point that they are now accepted as being reliable 
under all flying conditions. 

Aircraft instruments are being used to a far greater extent than ever 
before. Even the lowest price sport airplanes are being sold with 
surprisingly complete instrument equipment. Commercial plane 
manufacturers frequently pay as much as $3,000 for just the instrument 
equipment of their large planes which indicates the importance which 
they attach to them. 

The famous flights of Colonel Lindbergh and other pilots of reputation 
have impressed all air-minded people with the importance of proper 
instrument equipment. With hardly an exception it can be stated that 
pilots famous for their achievements are those who use the most 
instruments. 

The development of aircraft has been dependent to a large extent 
on the perfection of aircraft instruments. The efficiency of present- 
day aircraft has come about largely from the performance data obtained 
from instruments developed for the purpose. Until recent years, 
instruments have been used largely to indicate engine performance and 
plane stability. With the development of airplanes capable of long 
sustained flights, instruments comparable with those used in ocean 
navigation have been developed for purposes of aerial navigation. 

Aircraft instruments may be considered to fall within three clas- 
sifications, namely; power plant or engine instruments, flight or stability 
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instruments, and navigation instruments. The most commonly used 
instruments might be listed under these classifications as follows: 


Engine Instruments: 
Tachometer, engine-revolution indicator, 
Thermometers, oil and water, 
Pressure gages, fuel and oil, 
Fuel-level gages (gasoline gages), 
Fuel-flow meter, 
Ignition switch. 

Flight Instruments: 
Altimeter, 
Air-speed indicator, 
Compass (Magnetic), 
Turn indicator, 
Lateral and longitudinal inclinometer, 
Rate-of-climb indicator, 


Air-distance recorder, 
Clock. 


Navigation Instruments (in addition to those listed above): 
Earth-inductor compass, j 
Speed and drift indicator, 
Sextant or octant, 
Sun compass (for Arctic and Antarctic use). 


The most recent development in aircraft instruments is the production 
of smaller instruments than have been made heretofore. All manufac- 
turers are now making practically every instrument in the new stand- 
ardized case which has a 234 inch dial. The maximum case diameter 
is 314 inches and the four mounting holes are equally spaced on a 3- 
inch diameter. The smaller instruments are neater in appearance than 
the older types and can be spaced closer together on the instrument 
board (see Fig. 1). 

Vertical instruments, 7.e., instruments having vertical reading scales 
stead of round dials, are not as popular as they were a few years ago. 
Che difficulty of installation and the added cost, due to the difficulty of 
nanufacture, have caused commercial plane manufacturers to abandon. 
hem. They are now being used only on fighting planes where lack of 
nstrument, board space makes their use imperative. 
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Instrument boards for airplanes are now almost universally made of 
metal, usually duralumin. It has also become the general practice to 
mount all instruments from behind the board so that only the dial and 
rim are visible. An example of this type of mounting is shown in Fig. 1. 
This greatly improves the appearance of the instrument board. Some 


Fra. 1.—Instrument board well equipped with modern instruments. 


S 


instrument manufacturers are now mounting their instruments on 
invisible studs riveted on the back of the boards which enhance still 
further the appearance’of the board due to the absence of screw heads. 


DESCRIPTION OF INSTRUMENTS 


Tachometer.—The function of the tachometer is to indicate the 
speed of the airplane engine inr.p.m. The speed is indicated by means 
of a flexible shaft which connects the camshaft or some other rotating 
part of the engine with the instrument. There are two common types 
of tachometers in use at the present time; namely, centrifugal and 
chronometric. The electric tachometer is beginning to make its appear- 
ance but as yet is not used to any extent. 

The chronometric tachometer consists of a mechanism timed to 
indicate the revolutions of the engine at either 4- or 1-second intervals 
This is more accurate than the centrifugal type, but because of its 
more intricate mechanism, is somewhat less dependable. ‘The centrif- 
ugal type, as shown in Fig. 2, consists of a small flyball governot 
which operates the indicating hand. 

When installing a tachometer be sure that the drive cable does no 
become cramped in its outer casing because of too short a radius 1 
bending it between the engine and the instrument. . The shaft-must be 
exactly the right length for the outer casing, for when it is either to 
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long or too short it causes trouble. The inner shaft should protrude 
14g inch from the outer casing, according to the standards of the Society 
of Automotive Engineers (S. A. E.) as shown in See. XIV, page 599. 
When these requirements are complied with no difficulty should be 
experienced. It is necessary to grease the inner shafting occasionally 
to reduce friction between it and the outer casing. 


WCTO METER © 


SOSA COREE 
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Fie. 2.—Tachometer showing mechanism. 


Thermometers.—Water-cooled engines usually have two ther- 
mometers; one. to indicate water-outlet temperature and the other to 
show the temperature of the lubricating oil. Sometimes both water- 
intake and water-outlet thermometers are used. Air-cooled engines 
require only the oil thermometer. 

These thermometers consist, in principle, of a pressure gage connected 
to the engine with a small metal tube on the end of which is a bulb 
filled with either gas or liquid under pressure. This bulb is inserted 
in the oil or water, the temperature of which is to be indicated. The 
change of temperature causes the gas or liquid to expand or contract 
creating pressure in the indicating mechanism which indicates the 
temperature. 


y 
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The installation of these instruments is not difficult. Care should 
be taken not to damage the tubing, for if the gas or liquid is allowed to 
leak out, the thermometer will not function properly. If the tubing is 


Fic. 3.—Oil or water thermometer. 


longer than necessary for the installation, it should be coiled up and 
fastened to some convenient part of the plane. Figure 3 illustrates an 


engine thermometer. 


Fic. 4.—Oil pressure gage. 
(Consolidated Instrument Co.) 


Pressure Gages.—These instruments 
are well known and need little or no 
explanation. A pressure gage, (Fig. 4) 
consists of a Bourdon .tube which 
expands under pressure, causing the 
hand to rotate and indicate the pressure 
exerted. These gages are used to indi- 
cate the pressure exerted. These gages 
are used to indicate both engine oil and 
fuel pressures. They are now some- 
times used to indicate pressures on 
hydraulic shock absorbers. They are 
connected to the engine with soft copper 
tubing. Care should be taken to see 


that this tubing does not vibrate when the engine is running as excessive 
vibration causes the tubing to crystallize and break. Many forced 
landings have been caused by such trouble. 

Fuel-level Gages.—There are a number of types of fuel-level 
gages on the market. They may be divided into two general classes, 
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however; direct reading and distance reading. Direct-reading gages 
are usually of the float type commonly found on automobiles. 
Distance-reading instruments are usually of the hydrostatic type which 
indicate the amount of gasoline in the tank by actually measuring 
its weight. 

The operation of a hydrostatic fuel-level gage depends upon the 
simple principle that the pressure exerted by a volume of liquid is 
proportional to its depth. A “hydrostatic cell,”’ forming part of the 
gage system, is placed at the 
bottom of the tank. This cell is 
filled with air, and the weight of 
the liquid above it compresses this 
air. A small tube runs from the 
cell to a fitting on the outside of 
the tank, and from this fitting a 
connection tube goes to the gage. 
These tubes transmit the air me 
pressure to the gage, which is a | | MARTIN T3M 
sensitive pressure indicator and is iv Saran 
calibrated so that this air pressure 
is translated into gallons of fuel or 
other units of weight or volume. 

This would complete the system 
were it not for the fact that 
because of the expansion of the 
air in the cell and tubing, due to Pig hee asirostatio hackense) 
changes of temperature and alti- 
tude, a small amount of air is occasionally lost. To assure the 
accuracy of the indication, the balance of the system must be 
maintained by replacing lost air. For this purpose a small pump is 
used in connection with the gage, either integral with it or as a separate 
unit. Once a day, or whenever it is necessary to know the fuel level 
with absolute accuracy, the knob of the pump is pulled out once and 
released. On the return stroke the pump automatically replaces the 
correct amount of air to balance the system and restore the accuracy of 
indication. It is not necessary to operate the pump each time the gage 
is read, as the indication is continuously correct, except for very slight 
errors due to temperature and altitude. 
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A hydrostatic fuel-pressure gage and pump unit are illustrated in 
Fig. 5. 

Fuel-flow Sight Gage.—The fuel-flow sight gage, shown in Fig. 6, is a 
device inserted in the gasoline feed line which allows the pilot to see 
that gasoline is flowing through the tubing, thus assuring him that the 
line is clear. The gage is so constructed that the 
gasoline is plainly visible when passing the glass 
window. This is only a rough check on the fuel 
flow. For accurate indication of fuel consumption 
a fuel-flow meter is used. 
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Fie. 6.—Fuel sight- Fig. 7.—Continuous fuel-flow meter. 
gage. 


Fuel-flow Meter.—The fuel-flow meter gives a continuous indication 
of the rate at which the airplane engine is consuming fuel. It reads 
directly in gallons per hour. The pilot can see at a glance the effect of 
changes in setting of throttle, mixture, heater, or spark controls. These 
instruments operate on the venturi principle and consist of a calibrated 
venturi tube placed in the fuel-feed line and connected to the indicating 
instrument on the board. Figure 7 shows this type of instrument. 

Altimeter.—The altimeter, used to determine the height of aircraft, is 
simply a refined aneroid barometer, the dial of which is graduated in 
units of height above sea level instead of units of pressure. It is further 
distinguished from a barometer by the fact that its dial may be rotated 
so that any elevation or any barometric pressure may be taken as zero. 
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As a result of many experiments, the average relation between altitude 
and barometric pressure has been established. It must beremembered 
that these are average figures, and are not exactly correct except under 
“‘standard”’ atmospheric conditions. For example, an altimeter will 
usually read lower than actual altitude in summer and higher in winter. 
This is due to atmospheric temperature and not to any error in the 
instrument. 

Altimeters are also subject to errors due to change in barometric 
pressure during a flight. If the barometer falls, the altimeter will read 
high, while if it rises it will read low. 
This characteristic may be turned to good 
account and the instrument used as a 
weather guide. 

Most altimeters are now manufactured 
with a barometric scale in addition to the 
altitude scale which increases their useful- 
ness considerably. A pilot may secure 
information regarding the barometric 
reading at the field of his destination and 
then, on taking off, set the zero of his 
altimeter dial to correspond to the baro- - 
metric pressure of his destination. The ee eee SES 

: : : ated Instrument Co.) 
altimeter will then read correct altitudes 
above the field for which the pilot is headed. An altimeter is shown in 
Fig. 8. 

Air-speed Indicator——The air-speed indicator (Fig. 9) shows the 
speed of the aircraft in relation to the air surrounding it in flight. 
This bears no direct relation to its speed over the ground, due to 
the fact that there is no way to compensate for the speed and 
direction of the air through which it is moving except by the use of 
additional instruments. 

An air-speed indicator is a sensitive pressure gage which is adapted 
to indicate in terms of air speed (at sea level) by the use of a pitot- 
static head which accurately resolves the air speed into its equivalent 
pressure. Due to their inherent disadvantages, venturi tubes are 
seldom used with air-speed indicators. The pitot-static tube, Fig. 10, 
requires no calibration and may be used interchangeably with any air- 
speed indicator of the pressure type. 


\ 


380 THE AIRCRAFT HANDBOOK 


The use of a reliable air-speed indicator is urged by every pilot of wide 
experience. It gives a plane a safety factor which cannot be obtained 
by any structural feature. Every ship has a certain safe flying range of 
speed, the lower extreme approaching the stalling point, and the higher 
extreme nearing the condition of a dangerously steep dive. The air 
speed for a given engine speed is, therefore, an index of the fore-and-aft 
angle of the airplane. Its use greatly facilitates the maintenance of the 
correct longitudinal altitude, particularly under conditions of poor 
visibility. 


ae lig’ 
Oe ee 


Fig. 9.—Air-speed indicator. Fia 10.—Pitot-static tube. 
(Aircraft Control Co.) 


Persons installing air-speed indicators should be cautioned not to 
blow into the instrument to see the hand move. The pressures on 
which they operate are so slight that treatment of this kind is almost 
sure to blow up the diaphragm and completely ruin the instrument. In 
connecting the instrument to the pitot-static tube, care should be taken 
that no traps are formed in the tubing which will permit water to 
remain in the tube. It is recommended that drain Tee’s be installed 
at the lowest point in each tube which should be opened frequently to 
release any accumulation of moisture in the tubing. This is very 
important. 

Magnetic Compass.—The compass is the most necessary instrument 
for flight over water or unfamiliar country, or in fegs, clouds, or at 
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night. It is essential for the pilot to understand, however, that there 
are certain conditions under which the compass must be supplemented 
by a turn indicator. A typical modern compass is shown in Fig. 11. 

The function of a compass is the indication of the direction in which 
the airplane is heading when flying on a straight course. It does not 
indicate correctly on turns which are fast enough to require an appre- 


Fig. 11.—Late design of magnetic compass with correction card always in view. 


ciable banking of the airplane. The errors increase rapidly with the 
increase in the banking angle, a bank of about 20 degrees being sufficient 
to completely destroy the function of the compass. This condition is 
inherent in any compass depending upon the earth’s magnetic field 
for its directive effect and upon gravity for its stabilization. 

Because of the errors introduced in turning, the compass cannot be 
used to hold the plane on a straight course unless the ground can be 
watched for a directional reference. When the ground is not visible, a 
turn indicator must be used to maintain straight flight. As long as the 


382 THE AIRCRAFT HANDBOOK 


airplane does not turn, its direction will be accurately indicated by the 
compass. It must not be assumed, however, that the use of a compass 
is greatly limited. In service one is not concerned with the compass: 
reading except when flying straight, and under this condition the instru- 
ment is entirely dependable. 

A compass should be mounted where it can be read easily, and located 
as far as possible from iron and steel parts. If possible it should be 
placed on the fore-and-aft center line of the airplane. Where two 
compasses are mounted on the same ship they should be located at 
least 2 feet apart. 

To completely compensate a compass is often a long and rather 
tedious task, and is seldom attempted except on aircraft undertaking 
very long flights. It is ordinarily sufficient to adjust the compass to 
within 1 or 2 degrees of the true magnetic heading on the cardinal 
points (North, East, South, and West), and to make a note of the errors 
on the other headings, for which allowance can be made in setting the 
course. This adjustment is not difficult and is quickly made. 

Various means may be employed for determining the true magnetic 
directions, depending upon local conditions and type of plane. A 
simple method consists in tying a long piece of string to some point on 
the plane from which an accurate fore-and-aft or lateral sight can be 
made, and hanging a small compass from this in such a way that the 
string passes over its pivot. By turning the plane and sighting along 
the string, any desired positions can be obtained. 

Whatever method is used for determining directions, the following 
procedure is recommended for compensating compasses using loose 
compensating magnets. For directions for using Titterington Compen- 
sator see page 383. 

Head the plane approximately north. Note true direction. Com- 
pare indicated direction. If they do not agree, place compensating 
magnets in the athwart-ship magnet carrier until the compass indicates 
correctly. Next head the plane approximately east, and compare 
readings. If not in agreement, place magnets in fore-and-aft tube 
until the compass indicates correctly. Repeat on south and west 
headings. If compensation is required on either of these headings it 
will of course throw out the compass on the opposite heading. Only 
half the error, therefore, should be removed. This will leave the errors 
at opposite headings approximately equal. Now swing the ship to at 
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least four intermediate headings and note the errors. Enter these 
figures on a card and attach it to the plane near the compass. 


TypicaL Cuart oF Compass CoRRS#CTION 


True heading, Indicated heading, 
degrees degrees 

0 0 

45 48 

90 90 

135 133 

180 180 

225 228 

270 270 

315 312 


A compass should require little attention beyond periodic rechecking 
of its compensation. Bubbles, which appear occasionally in some type 
of compasses, are easily removed as follows: Remove and invert com- 
pass. Remove filling screw and manipulate compass until bubble 
comes just below filling hole. Drop in kerosene or Varnolene with a— 
medicine dropper or fountain pen filler until it overflows. Replace 
filling screw and reinstall compass. 

Titterington Micrometer Compass Compensator.—The Titterington 
Micrometer Compensator is completely self-contained and eliminates 
the loose magnets which have heretofore provided the only satisfactory 
means of compensating a compass. 

To secure any required amount of magnetic force with the micro- 
meter compensator, it is simply necessary to turn the screws which are 
exposed just between the letters HW and NS (Fig. 12). The upper 
screw introduces magnetism for correcting the compass on east and west 
headings, and corresponds to the fore-and-aft tube of the old loose- 
magnet compensator. The lower screw is used for correcting the com- 
pass on north and south headings, and corresponds to the athwart-ship 
tube of the old compensator. 

To compensate a compass with the Titterington Micrometer Compen- 
sator, follow these instructions: 

Determine directions by means of a magnetic compass suspended 
from a wing tip, or by sighting with a surveyor’s transit. 
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Head the airplane due north (magnetic). If compass does not read 
N, turn lower compensator screw until compass does read N. Use 
special screwdriver furnished with compass or any non-magnetic metal strip.. 


Fie. 12.—Compensating screws 
for compass in Fig. 11. 


Next head due west. If compass does 
not read W, turn upper compensator screw 
until compass does read W. Next head 
due south. If compass does not read S, 
turn lower compensator screw to take out 
half the error. Next head due east. If 
compass does not read H, turn upper com- 
pensator screw to take out half the error. 

Now head the airplane successively N, 
330, 300, W, 240, 210, S, 150, 120, E, 60 
and 30 degrees, noting the compass indica- 
tion on each heading on a correction chart. 


The following techninal explanation is added for the benefit of those 


who may be interested. 


The Titterington Micrometer Compensator accomplishes what has 
long been the dream of physicists and compass makers; in effect, a 


3/8 


Fie. 13.—Titterington compensating magnets adjustment. 


reversible magnet. This has been achieved by making a permanent 
magnet with north poles at each end and a south pole in the center, 


as at A, Fig. 138. 
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The effective external field of this magnet is zero, as it is the equiva- 
lent of two magnets which just. balance each other. Around this 
special double magnet is a soft iron tube, half the length of the magnet, 
which acts as a magnetic shield. When placed in the middle of the 
magnet, as at B, the tube shields one-half of each end of the magnet 
leaving the effective external field still at zero. 

By turning the screw which is geared to the tube, the latter is moved 
toward one end of the magnet, asin C. The tube is now shielding one- 
half of the double magnet leaving the external field of the other half 
fully effective. The result is a N-S magnet of maximum strength. 
Moving the tube to the other end, see D, leaves the external field of an 
S-N magnet of maximum strength. Stopping the tube at any inter- 
mediate point, as at H, shields each end partially and leaves an effective 
external field of any required strength in either direction. 

The Titterington Micrometer Compensator contains two such center- 
pole magnets, one (the upper) being fore-and-aft, and the other (the 
lower) being athwart ship. As used on the Pioneer Earth Inductor 
Compass, for which this type of compensator was originally developed, 
only one magnet is required, the entire compensator being rotated to 
place the correcting magnet in line 
with the resultant disturbing force 
Another type of compass with lamp 
for indirect lighting through a glass 
rod is shown in Fig. 26. 

Bank and Turn Indicator.—The turn 
indicator, as now manufactured, is 
made exclusively by the Pioneer 
Instrument Company of Brooklyn, 
N. Y. under their own patents and 
those of the Sperry Gyroscope Com- 
pany, are shown in Fig. 1H. The 
Pioneer Turn Indicator is used for 
controlling the flight of aircraft under conditions of poor visibility, or 
when for any reason it is desirable to eliminate yawing or turning. 
Used in conjunction with the bank indicator which is built into the dial 
of all turn indicators, the pilot is able to maintain a laterally level 
attitude while flying straight and to bank at the proper angle when 


turning. 


Fig. 14.—Bank and turn 
indicator. 
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A compass by itself is of little value when flying in clouds or at night 
as it is practically impossible for a pilot to hold his ship on a straight 
course, and a compass will only indicate correctly during straight flights 
or on very slow turns. By using a turn indicator, which shows the 
slightest divergence from straight flight, the pilot avoids turning, and 
his compass will function properly. A straight course is maintained by 
steering so as to keep the indicator in a central position. By keeping 
the inclinometer ball in the center of its tube the aircraft is held laterally 
level when flying straight, or on the correct bank when turning. 


Fie. 15.—Venturi tube. 


The sensitive element of the turn-indicating mechanism is a small 
air-driven gyroscope, operated by the suction secured from a venturi 
tube Fig. 15. The gyro is mounted in such a way that it reacts only to 
motion about a vertical axis, being unaffected by rolling or pitching. 

The installation of the turn indicator is not difficult. The venturi 
tube should be mounted on the side or top of the fuselage or on a strut, 
as close as possible to the instrument board. It must be placed in a 
position where it receives an unobstructed flow of air. Mount the tube 
so that the small cone points forward. 

Pitch and Bank Indicator.—The pitch and bank indicator, or lateral 
and longitudinal inclinometer, Fig. 16, is used for the purpose of indi- 
cating lateral and longitudinal stability of the airplane. The instru- 
ment consists of two tubes filled with liquid placed at right angles to 
each other and fore-and-aft and lateral in relation to the plane. When 
the plane is in normal flight, the air bubbles are in the center of the tubes. 
When the plane is either laterally or longitudinally out of position the 
bubble indicates the extent of its divergence. 

Rate of Climb Indicator.—The rate of climb indicater shows the rate 
at which an airplane is climbing or descending. It does not indicate 
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the angle of the airplane in respect to the horizontal, as do gyro and 
bubble inclinometers, but is operated directly by the rate of change of 
atmospheric pressure which accompanies change of altitude. This 
instrument has many uses, but it is most useful in fog, clouds, and at 
night, or whenever an obscured horizon makes longitudinal control 
difficult. 

The rate of climb indicator is a sensitive differential pressure gage. 
It consists of a metal diaphragm, one side of which is directly connected 
to the atmosphere, and the other side is connected to the atmosphere 
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Fie. 16.—Rieker inclinometer. Fic. 17.—Rate-of-climb indicator. 


through a capillary leak tube. Atmospheric pressure varies in a known 
relation to altitude. As the altitude increases, the pressure decreases. 
This pressure decrease is transmitted instantly to one side of the dia- 
phragm, and slowly to the other side through the capillary tube. The 
difference in pressure between the two sides causes the diaphragm to 
expand or contract, and the movement is transmitted to the hand. The 
amount of this movement is proportional to the rate of change of altitude. 

This instrument, illustrated in Fig. 17, is made exclusively by the 
Pioneer Instrument Company, of Brooklyn, N. Y. 

Air-distance Recorder.—The air-distance recorder registers the air 
mileage of the airplane in flight. The instrument consists of two units; 
the transmitter and the recorder. The transmitter unit (Fig. 18) is 
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attached to a strut in a manner similar to a pitot tube and connected 
to the indicator by means of a copper tube. The recording unit (Fig. 19) 
is on the instrument board. A small propeller in the transmitter 
revolves as the plane goes forward and actuates a valve once a mile 
which admits vacuum, created by a small but powerful venturi tube 
to the recorder, adding 1 mile to the recorded distance. 

This instrument is valuable in checking the performance of planes. 
It enables the operator of the airplane to determine the life of the 


e 
Fia, 18.—Air-distance recorder—transmitter unit. 


engine, check the oil and fuel consumption, and give other valuable 
information on a basis of air miles flown rather than flight hours as is 
usually the practice. 

Earth-inductor Compass.—The Pioneer Earth Inductor Compass 
is a remote indicator of direction. It is related to the ordinary magnetic 
compass only in its use of the earth’s magnetic lines as a directive base. 

There is no physical similarity between the two types of compass. 
The earth-inductor compass comprises three principal units. That 
which reacts which the earth’s field and therefore corresponds to the 
magnets of an ordinary compass, is the inductor generator. This 
resembles an ordinary electric generator, except that it has no artificial 
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field. It has an armature, commutator and brushes, and produces 
electric potential by reaction with the earth’s field. As in the case of 
any electric generator, the potential depends upon the angle between the 
brushes and the field. In the earth-inductor generator, the brushes 


Fig. 19.—Air-distance re- Fia 20.—Generator of ‘‘ Pioneer” earth 
corder—recorder unit. inductor compass. 


may be oriented about a vertical axis so that they may be set in any 
angular relation to the fore-and-aft line of the airplane. They may 
therefore be turned in relation to the earth’s field, either independently 
or with the airplane. As in any generator, turning the brushes in rela- 
tion to the field discloses two positions of maximum potential and two 


positions of zero potential. In the earth-inductor compass, use is 
i 
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made of one of these positions of no potential. The generating unit 
is shown in Fig. 20. 

The second unit is the direction controller (Fig. 21). This carries a 
dial similar to an ordinary compass card and has a crank by which this 
dial may be turned to any position. There is a mechanical connection 
between the controller dial and the brushes of the generator so that the 
angular position of the-brushes is indicated upon the controller dial. 


Fig. 21.—Controller of ‘‘ Pioneer” earth Fig. 22.—Indicator for ‘‘ Pioneer”’ 
inductor compass. earth inductor compass. 


The third unit of the compass, the steering indicator (Fig. 22), is a 
sensitive zero-center galvanometer, the dial of which is marked LEFT 
and RIGHT. The indicator is electrically connected to the brushes. 

When the compass is installed, the connection between the controller 
and the generator is made such that when the airplane is headed in the 
direction indicated on the controller, the brushes will be in a position 
of zero potential. The steering-indicator hand will therefore remain 
in the center of the dial. If the airplane is turned to the right, the 
generator brushes will be turned in relation to the earth’s field and the 
generator will produce electricity of the proper sign to cause the hand 
of the steering indicator to move to the right, showing the pilot that the 
airplane has turned to the right. Turning the airplane to the left will 
put the generator brushes into such position that electricity of the 
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opposite sign is generated, causing the steering-indicator hand to move. 
to the left. 

As the compass is ordinarily used, the desired heading is set upon the 
dial of the controller and the airplane is then turned until the steering- 
indicator hand comes to zero. Turns to the right or left away from this 
heading will cause the hand to move right or left. When it is desired 
to change heading, the controller dial is cranked to a new position and 
the airplane again turned to bring the steering-indicator hand to zero. 

The earth-inductor compass offers many advantages over the ordinary 
magnetic compass, particularly for use on aircraft. It is much easier 
to follow the hand of the steering indicator than it is to keep a certain 
mark on a swaying compass card opposite the lubber line. The out- 
standing advantage, however, is the disassociation of the direction- 
responsive element and the direction-indicating units. ‘In the ordinary 
magnetic compass, these cannot be separated and in order that the 
pilot may see his compass, it is frequently necessary to place it in a 
position where it is subject to strong local magnetic fields. With the 
inductor compass, on the other hand, the generator may be placed in a 
position which is practically free from magnetic disturbance, while the 
steering indicator is placed in the best position for observation by the 
pilot. The controller may be operated either by the pilot or by a 
navigator. 

The Pioneer Earth Inductor Compass is. the invention of the late 
Morris M. Titterington, formerly chief engineer of the Pioneer Instru- 
ment Company. 

It was used by the U. 8. Army on their Round-the-World and Pan- 
American flights, on Commander Rodgers’ Hawaiian flight, Commander 
Byrd’s North Pole flight, on the Trans-Atlantic flights of Lindbergh, 
Chamberlin, and Byrd, and on the flight of Brock and Schlee from 
New York to Tokio. 

Speed and Drift Indicator.—A drift indicator (Fig. 23) is a necessary 
auxiliary to a compass, if accurate aerial navigation is to be accomplished. 
As is well known, an airplane may be headed in one direction yet follow 
a course in another direction. The difference between heading and 
course is the drift angle. This is illustrated diagrammatically in the 
diagram (Fig. 24). The airplane A is headed in the direction H, but 
because of the side wind W, actually travels toward C. The angle 
Dis the drift; In order to ‘‘make good” the desired course, it is impera- 
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tive that the pilot (or navigator) know the drift angle so that he may 
calculate the heading and that the airplane be steered accordingly. 

The only practical way of ascertaining the drift is by observation of 
the ground, and a drift indicator, or drift-angle meter as the instrument 
is sometimes called, is used for 
this purpose. 

This instrument may be 
mounted anywhere on an airplane 
where it affords an unobstructed 
view downward (vertically if 
possible, but at an angle if more 
convenient) and where it may be 
conveniently observed and ma- 
nipulated by thenavigator. The 
instrument is supported by a 
mounting bracket from which it 
may be quickly removed. It is 
sometimes advisable to install 
two or more brackets and to 
transfer the instrument from one 
to the other, according to the direction of drift or the convenience of 
the navigator. The mounting bracket must be installed with its center 
line either fore-and-aft or athwartship. Any error in its location will 
cause a corresponding error in 


Fie. 23.—Drift indicator. 
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directly over the wire. The Fie. 24.—Use of drift indicator. 
operator then sights through the eyepiece at the drift wire and the ground 
below. The vane is now rotated so that objects on the ground or sea 
appear to travel along the drift wire. This means that the drift wire 
is now in line with the course being made good in respect to the ground. 
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The drift angle, or angle between the heading of the plane and the course 
being made good, can now be read from the scale. 

To obtain the ground speed, the vane is left in position corresponding 
to the drift angle and the slider is moved along the vane until the cross- 
wire is at the figure corresponding to the altitude of the plane above the 
ground which it is flying over. The altitude of the country which 
the plane is flying over must be subtracted from the altitude of the plane 
above sea level to obtain the altitude of the plane above the ground. 
Looking through the eyepiece, the distance seen on the ground is that 
marked on the side of the vane—either {9 mile, 4{9 mile, or 1 mile. 
The scale which reads ‘‘1 mile for altitude in 1,000 feet” can also be 
used for “9 mile for altitude in 100 feet.” 

With a watch, the time of passage of an object from one wire to the 
other is noted, and reference to a table which is furnished with the 
instrument gives the corresponding speed in miles per hour. For 
example, let us assume it is desired to obtain the ground speed while 
flying at an altitude of 4,000 feet above the ground. First move the 
slider along the vane and set the cross-wire at the Fig. 24 which is on the 
scale marked “4/9 mile for altitude in 1,000 feet.” Assume the stop 
watch shows the time of passage of an object on the ground between the 
fixed cross-wire and the movable cross-wire to be 12 seconds. Reference 
to the conversion table will quickly show the speed to be 120 miles per 
hour. But if the table is not at hand, simple arithmetic will do. The 
distance seen on the ground between the cross-wires was 4{9 mile and 
the elapsed time 12 seconds. This is at the rate of 1 mile in 30 seconds, 
2 miles per minute or 120 miles per hour. 

Sextant or Octant.—Aerial navigation has developed the necessity 
for aircraft sextants similar to those used on sea-going vessels, and both 
sextants and octants have been developed for this purpose. The 
difference between a sextant and an octant is that the former has an 
arc of 60 degrees (one-sixth of a circle), while the octant has an arc of 
but 45 degrees (one-eighth of a circle). The problems involved in 
aerial navigation make necessary an instrument quite different from 
the standard nautical sextant. 

It must be light weight for ease of handling and must be equipped 
with an artificial horizon. It is used similarly to a nautical sextant, 
except that additional factors, such as altitude, etc., are introduced and 
must be corrected for. The use of these instruments is limited to per- 
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‘sons having a thorough knowledge of the science of navigation, as the 
problems involved are extremely scientific and exacting. An aircraft 
octant is shown in Fig. 25. 


Fia. 25.—Aircraft octant. 


Sun Compass.—The sun compass, an invention of A. H. Bumstead 
of the National Geographic Society, is intended primarily for use 
within the Arctic and Antarctic Circles where magnetic compasses are 
quite unreliable due to magnetic disturbances and deviations. The 
sun compass is entirely non-magnetic in principle. It operates in 
conjunction with a special 24-hour watch which has a ‘“‘sun dial” 
instead of the usual watch hands. When this instrument is accurately 
attached on the fore-and-aft axis of the airplane it is possible to deter- 
mine the direction of flight by rotating the mechanism until the shadow 


of the ‘“‘sun-dial arm” falls between the vertical lines of the screen 
opposite. 
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This instrument can only be used when the sun is available but is by 
far the most accurate type of compass for Polar exploration. It has 
been used successfully by Captain Hubert Wilkins and Commander 
Richard E. Byrd on their aerial explorations to the Poles. 


INSTRUMENT-BOARD LIGHTING 


Until recently instrument boards have been illuminated with lamps 
similar to those used on automobiles before the advent of indirect 
lighting. Several methods of indirect illumination for airplane instru- 
ment boards have now been developed and are in general use. 


Fic. 26.—Compass with indirect light above. 


Tt is recommended that the lighting of instrument boards be con- 
trolled by a rheostat instead of by an on-and-off switch which was 
formerly standard practice. The rheostat permits the pilot to control 
the illumination, to conform to the light conditions under which he 
is flying, and permits him to use his own judgement as to the best 
illumination to be used. As darkness approaches it is necessary to 
have the illumination more intense than when the eyes have become 
accustomed to the dark. The ideal illumination of the board is such 
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that the instruments are just visible but not bright enough to blind 
the pilot and prevent him from seeing clearly and quickly when he looks 
up from the cockpit to the air through which he is flying. 

A compass with indirect lighting through a glass rod is shown in 
Fig. 26. The instrument board in Fig. 1 is also lighted by a new, 
indirect method. 


ELECTRIC WIRING FOR AIRPLANES 


The electric wiring on airplanes should receive careful attention both 
for efficiency and safety. Wires should be of ample size to carry the 
current in all eases, particularly the landing lights which require about 
35 amperes, usually at 12 volts although some use 6-volt systems. 
Nothing smaller than a No. 8 wire should be used for landing lights. 

For running lights on the wings and tail and for the navigation 
lights on the instrument board use a No. 18 or larger. The running 
lights are 21 candlepower and the lights on the instrument boards 4 
candlepower. 


SECTION IX 
AIRPLANE CONSTRUCTION 


Airplane construction is changing in many ways. The use of metal 
has increased to the point where wood has almost disappeared in fuselage 
construction; two exceptions being shown later. Wing beams continue 
to be made of wood in many cases because the limited production 
makes it more economical to use wood than metal. Some of the larger 
builders, however, are building wing beams of metal shapes, as will be 
seen later. 

Steel tubing can be welded into almost any desired construction and 
is used in nearly all commercial planes. It is almost universal for 
fuselage construction and appears to a considerable extent in wings, 
ailerons, rudders, fins, and landing gears. Advocates of the use of the 
lighter metals claim that it is difficult to control the expansion and 
contraction of welded joints so as to maintain correct alignment when 
removed from the welding fixtures. The almost universal use of this 
construction, however, hardly bears out this contention. The use of 
duralumin or of the strong aluminum alloys involves the use of riveted 
joints, but these have been worked out so ingeniously that they afford 
opportunities for excellent construction with great flexibility. This is 
notably true of the Eureka section of the Glenn L. Martin Company as 
shown in detail elsewhere. 

Although wooden construction still has many advocates for some 
parts, and plywood lends itself to a variety of applications, the tendency 
seems to be toward metal; a few even using it for wing covering. Cloth, 
however, continues to be favorite covering for wings and other surfaces 
although Fokker uses plywood for wing covering. Wing ribs are 
made of both wood and metal and in various forms. 

New designs and methods have reduced manufacturing costs to a 
marked degree. Progressive assembly is now found in nearly all 
airplane plants, this being taken from the automobile shop and helping 
to produce a better plane at lower cost. 

Pp 397 
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The wiring of an airplane for electric lights and radio is a problem 
unknown to the earlier builders. Running lights are a necessity for 
all planes flying at night and, unless a well-lighted landing field is 
assured, ample landing lights are also necessary These lights make it 
necessary to know the proper sizes of wire to use for different conditions. 
Details of the lights are given in Sec. VII. 

The introduction of. radio adds numerous complications, including 
the shielding of the radio apparatus from the effect of the ignition 
spark and other disturbances such as the charging generator and the 
vibration or rubbing contacts between metal parts. Each ignition 
discharge creates an electromagnetic field which links the antenna and 
wiring of the radio set and causes a disturbance that may drown out 
the other signals. Among the methods that have been worked out to 
overcome these disturbances is one known as the Belden harness that, 
in effect, encloses the alternating magnetic field in every direction. 
This shielding includes both the low-tension and the high-tension 
circuits, the latter shielding having been found to be a fire preventative 
aswell. or testing the efficiency of the shielding the Belding Company 
suggest the following procedure, bearing in mind that the ignition 
disturbance in a shielded plane should not exceed a low hum in the 
head phones, similar to a weak but readable telegraphic signal: 


Both the receiver and transmitter of the radio set should be completely 

installed and connected up. 

The airplane should be in flight, the engine running at cruising speed. 

The first stage of audio amplification on a standard superheterodyne 
receiver should be used. 

The receiver should be tuned, so that an incoming signal will produce 
the greatest effect in the head phones. 

The main line switch or circuit breaker should be in the “On” position. 

Both ignition switches should be on. 

All other electrical equipment of the airplane should be operating. 

The following tabulation summarizes the causes of disturbance and the 
_methods of eliminating them: 


Cause of disturbance Method of elimination 
Oa LE TALON +, eeuoes eter No Re Shielding and bonding system 
and all circuits coupled either 
magnetically or electrostatically 
to it : 
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Cause of disturbance Method of elimination 
(b) Charging generator.............. Shielding and bonding wires and 
parts of system from generator 
to storage battery to radio set 
(c) Vibrating or rubbing contacts Inserting an insulator between 
between metal parts. the part, or 
Bonding them with a metal strip 
at points of contact 
(This method is not suitable 
when applied to brace wires 
where there is danger of injuring 
the wire in soldering) 


Current Carrying Capacities oF ArrcrArT Copper WIRES 


A. W. G. or | Diameter of Area, Velen ee 
: ‘ cambric Feet per 
Beas: solid wire, circular 5 : 
: : insulation, pound 
gage mils mils 
amperes 
18 40.3 1,624 5 203.4 
16 50.8 2,583 10 127.9 
14 64.1 4,107 20 80.45 
12 80.8 6, 530 25 50.58 
10 101.9 10,380 30 31.82 
8 128.5 16,510 50 20.01 
6 162.0 26 , 250 70 12.58 
5s 181.9 33, 100 80 9.98 
4 204.3 41,740 90 7.91 
3 229.4 52,630 100 6.27 
2 257.6 66,370. 125 4.97 
1 289.3 83 , 690 150 3.95 
0 325.0 105 , 500 200 3.138 
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RADIO IN AIRCRAFT 


That radio is to play an important part in aviation seems assured. 
Both as a means of: communicating with ground stations and as a guide 
in some such form as the so-called radio beacon, it seems destined to 
find a place jn commercial, if not in private air transport. 
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Radio is, however, such a special subject and one which as yet has not 
entered largely into either commercial or private flying that it is only 
considered in connection with ignition in this edition. The necessity 
for shielding radio apparatus from the influences of the magneto and the 
ignition wiring has been mentioned briefly on the preceeding pages. 
Being a highly specialized subject and one that does not, as yet, affect 
the operation of the average plane, its consideration is left for future 
editions. 


METAL PLANE CONSTRUCTION 


The best-known plane of all-metal construction is the Stout, as built 
by the Ford Motor Co. in Dearborn, Mich. With the exception of the 


Fig. 1.—Wing tips assembly jig for Ford planes. 


engine mount and the landing gear, the entire plane is built of the strong 
aluminum alloys, commonly but frequently incorrectly, known as 
“dural.” The characteristics of these metals will Be found in Sec. X. 
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The large assembly jig, shown in Fig. 1, is for the wing tips of the 
Ford plane. Right- and left-hand tips are assembled on opposite sides 
of the jig. This shows the main and auxiliary spars, made of riveted 


Fic. 2.—Wing construction in Ford planes. 


Fic. 3.—Corrugated covering for Ford plane. 


elliptical tubing and of built-up beams. The man in the foreground is 

putting rib trussing between the spars while the men on the other side 

are about to apply a sheet of currugated metal that forms the skin, or 
? . 
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Fig. 5.—Upper wing and airelons. (Boeing.) 
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wing covering. The jig is of steel and holds the parts rigidly while 
they are being riveted into a complete unit. 

The construction of the wings are clearly shown in Fig. 2. This is 
what is known as a cantilever wing and is built thick enough to enable 
sufficient strength to be built into the internal trusses so that no outside 
support such as struts or guy wires are needed. The way in which the 
various members inside the wing are built into a substantial truss, 
using riveted joints, can be readily seen. This is a thick-wing section 


Fig. 6.—Assembling Boeing mail planes. 


being approximately 32 inches at the thickest part. The section 
shown is fastened to the fuselage, or center section, by the bolts shown. 

Still more of the construction of this large plane is shown in Fig. 3 
where the fuselage has been built up of various shapes riveted together 
and the whole is being covered with the same corrugated metal as the 
wings. 

Another example of aluminum-alloy construction methods shows 
how the various members are held in fixtures while being drilled and 
riveted. In Fig. 4 is one of the 13 bulkheads of a Ford plane. A 
pneumatic squeeze-riveter is used, which is noiseless. Great care is 


taken to have all rivets heat treated within an hour of being used, to 
v 
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Fig, 8.—Uncovered fin and rudder. (Fairchild.) 
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prevent setting-up strains by working the metal after it has begun to 
harden. 

Another excellent example of metal-wing construction is shown in 
Fig. 5 which is a lengthwise view of a large Boeing biplane. The entire 
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Fic. 9.—Section of Martin wing beam. 


framework is of metal, the wing beams being built up of steel tubing 
and the ribs of aluminum alloy, rolled to special shapes designed to 
give the greatest stiffness and riveted into units for each assembly. 
The ailerons are entirely of metal, the covering being of corrugated 
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aluminum alloy sheet. It will be noted that the rib construction varies 
at different points, heavy straight ribs being used at frequent intervals 
to connect the front and rear wing beams, the lighter ribs giving the 
desired contour for the wing covering. This is a wing for a large three- 
motored transport for long distance passenger travel. An idea of the 
way in which planes are now being manufactured can be had from Fig. 6 
which is an assembly line of Boeing planes for mail and similar service. 

The combination of wooden-wing construction with metal ailerons is 
seen in Fig. 7 from the wing of a small Fairchild plane. Here the wing 
beams are built up with plywood sides, showing the use of plywood ribs 
and the way in which the leading edge of the wing ahead of the front 
beam is entirely of wood. The ailerons are of metal. 

Metal construction of the fin and rudder is shown in Fig. 8 this being 
built up of aluminum alloy, formed in channel section and with riveted 
joints. The holes are flanged to add to the stiffness as well as to reduce 
weight. 

A metal wing beam of strong aluminum alloy is shown in Fig. 9 as 
designed and used by the Glenn L. Martin Company. The main 
dimensions are given. Lightening holes 334 inches in diameter are 
punched in the side members at suitable intervals and flanged inward 
3( inch for stiffness. The thickness of the side members is 18 gage 
B & S or 0.040 inch, while the upper and lower members are 16 gage, or 
0.051 inch. 

In making up riveted members of aluminum alloy the practice is to 
drill the holes slightly larger than the rivets as follows; 


For rivets drill holes, 0.128 inches. 
For 5» rivets drill holes, 0.159 inches. 
For 346 rivets drill holes, 0.189 inches. 
For 44 bolts, drill holes, 0.255 to 0.267 inches. 


Eureka Strut Sections.—To facilitate the making of substantial 
joints with a riveted construction, using a strong aluminum alloy 
instead of steel tubing, the Glenn L. Martin Co. designed and used 
what is known as the Eureka section on a lot of planes built for the 
U.S. Navy in 1928. Details of this section are shown in Fig. 10 together 
with all essential dimensions. This, as will be seen, resembles the old 
Phoenix section used in steel columns many years ago, except that the 
center forms a square instead of a circle, as in the Phoenix. These 
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Eureka Strut Sections 
Alum. Alloy except as noted 
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Fig. 10.—Details of Eureka strut sections. 
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sections are readily built up from formed strips and can be spaced as 
desired so as to go over steel fittings of either plain sheets or built up to 
any desired shape and angle. Some of these connections are seen in 
later illustrations. 

In the data with each illustration, 


t = thickness of metal A = area of section 

I = moment of inertia DL = developed length of section 

K = radius of gyration W = weight in pounds per inch of 
channel. 


All rivets are spaced 3 inches apart in the same plane and staggered 
on the other side of the same channel, making the rivets 114 inches 
apart around the section. 


Fic, 11.—Eureka section and fuselage construction. 


The appearance of the Glenn Martin Eureka section, and the facility 
with which it can be used to secure any desired construction is clearly 
seen in Fig. 11. A short piece of the built-up section is shown in the 
corner. By using steel fittings, either of forgings or built up of sheet 
steel, any sort of connection can be made with the desired amount of 
reinforcement, the angle making little difference. The way in which 
these sections are handled can be seen in Fig. 12 where a stiffening 
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section is being built up in a fixture mounted on a bench. This shows 
how the pieces are held, the kind of fittings used in the corners, and the 


NZ 


Fig, 13.—Steel tube fuselage joints. 


drill and squeeze-riveter used in fastening the fittings in place. In 
contrast, the section of a somewhat similar fuselage, built up of welded 
steel tubing, ,is shown in Fig. 13. 
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Lockheed Construction.—The construction of the Lockheed fuselage 
is both unusual and interesting, being built up of veneer or plywood, 
molded and fastened to bulkheads, also of wood, making one form of 
what is known as monococque construction. The method of laying 
the strips of Haskelite plywood on the form is shown in Fig. 14. After 
the strips of plywood have been built up to sufficient thickness on the 
form at the left, the form with the plywood is turned and placed in 
the large mold at the right and the cover bolted in place, the heavy 


Fie. 14.—Lockheed fuselage mold. 


I-beams across the top holding everything in place during the steaming 
and final forming of the half sheet that forms the outside of the fuselage. 
The fuselage in the foreground of Fig. 15 shows one half of the outside 
in place in the formed bulkheads. Beyond this both halves are shown 
in place, giving a good idea of the unusual construction. The smooth, 
stream-lined appearance of the finished plane is seen on page 18. 
Another form of construction which is of interest though only used 
to a limited extent is shown in the fuselage of the International plane 
which was built up of a spruce frame-work in the form of a rectangular 
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Frq. 16.—International truss and plywood fuselage. 
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truss, with the corners cut off as in Fig. 16. To this is added fairly 
heavy plywood sides, which add much to the strength of the construc- 


Fic. 18.—Building Fokker wing beams, 


tion. Wing beams and ribs are also built up of plywood as in Fig. 17, 
the top and bottom strips of the beams being of spruce... The wing ribs 
are cut out for lightness and have reinforcing strips top and bottom. 
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Another interesting wooden wing beam is from the Fokker plant, 
this being a cantilever wing, as in Fig. 18, supporting the whole load 


Fic. 20.—Covering wings at Chance Vought plant. 


without external bracing. The wing covering of the Fokker is also 
plywood, thus adding to the strength of the wing by making it a kind 
of huge wooden tube. 
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A few examples of wing ribs built of plywood are shown in Fig. 19. 
These show varied ideas as to design and construction, but are all from 
actual planes in use. 

Two views from the Chance Vought factory (Figs. 20 and 21) show 
how fabric is applied in the modern airplane plant. It is no longer a 
haphazard operation hut is thoroughly organized and methodical. 


Fig. 21.—Covering ailerons and stabilizers. 


Folding Wings.—The housing of airplanes has been a problem since 
they first came into use and folding wings have been proposed by many 
in order to save room in storage. Comparatively few planes are, 
however, as yet, built in this way although there are two good examples 
in the Fairchild and the little Moth, the latter being popular in England 
and now under construction in this country. Both planes are shown 
with wings folded back in Figs. 22 and 23. The manner of locking the 
wing in position on the Fairchild is seen in Fig. 24. In most modern 
planes the wings are readily detachable by hinge fittings but they are 
not made to fold back. 

Two other examples of metal construction are taken from the factory 
of the well-known Junkers plane, in Germany. A skeleton of the 
forward part of the riveted duralumin fuselage of the tri-motor plane 
is shown in Fig. 25. Here the members forming the structure of the 
fuselage are in place together with the extensions to which the wings 
are fastened. It will be noted that the mating edge is provided with 
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Fig. 22.—Rear view of a Fairchild with wings folded. 


Fic. 23.—Front of Gipsy Moth with wings folded. 
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Fie, 24,—The lock of a Fairchild wing. 


Fie. 25.—Riveted structure of Junker plane. 
~ 
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beveled ferrules at the ends of the horizontal tubes that form the bearing 
points for the truss. Mating ferrules on the end of the wing locate the 
parts accurately and allow them to be drawn together and held firmly 
by substantial through bolts. These locating ferrules are also shown 


Fig, 26.—Showing how wings are attached. 


in Fig. 26 where the wing section is in position for attaching to the 
fuselage. This also shows the nine ferrules and the way in which the 
corrugated duralumin is used to cover the plane. 


WELDING 


Both oxy-acetylene and electric welding are used in building and 
repairing the modern plane, where metal parts are to be joined. Its 
principal use is in connection with steel tubing and similar constructions. 
Several illustrations are given to show various applications of the way 
in which welding has become part of airplane building. In work of this 
kind, where so much depends upon the safety of the weld, only expe- 
rienced men should be permitted to undertake even minor operations. 
A poor weld is not only liable to cause an accident but also throws an 
unwarranted stigma both on welding and on the airplane industry. 

Without going into minute details of welding, it is in order.to caution 
welders to wear proper goggles or other eye protection and to use the 
best welding material and apparatus obtainable for the purpose. 
Special welding rods are now available in cast iron, pure wrought iron, 
steel of various kinds, and alloys, Monel metal, bronze, and aluminum. 
These come in standard lengths of from 18 inches to 3 feet and in 
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various diameters. It is also available in coils and in strips of various 
widths. 


Fig. 27.—Welding joints held with C clamps. 


Fic. 28.—Tail skid “‘stellited”’ to give longer life. 


Before welding the lighter materials, such as aluminum alloys, it is 
well to secure the advice of the makers of the materials as well as of the 
welding apparatus. Duralumin for example, depends largely on heat 
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treating for its strength, and the intense heat of welding creates a prob- 
lem that should be solved only by experts. Aluminum is easily welded 
but not duralumin or other strong aluminum alloys. 


Fig. 29.—Welding a fuel tank. 


Several examples of airplane welding are shown in Figs. 27, 28, and 
29. Fig. 27 shows how parts to be welded can be held temporarily 
by using C-clamps and angle irons. 


Fie. 30.—Examples of tube welding. 


An excellent example of gas-welded joints is shown in Fig. 30, from 
the Fairchild factory. Welded fittings used in connection with the 
Glenn L. Martin Co. aluminum-alloy construction, using their Eureka 
section, are shown in Figs. 31 and 32. These show both the fittings 
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and the fixtures in which they were made. With these as a guide it is 
not difficult to design and build almost any type of fitting needed for 
special cases. 


Fig. 31.—A Glenn Martin fitting and welding fixture. 


Whenever it is necessary to make a part that cannot be fabricated 
economically from one piece of stock, welding is used to build up the 
desired structure. The illustration, Fig. 33, shows the way in which 


Fie. 32.—Lower longeron fitting in fixture. 


mud guards are built up in the Ford plant, using an oxy-acetylene 
torch in making the weld. After the parts are partially formed they 
are welded together, as shown, ‘and then finally hammered into proper 
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shape. The mud guard shown is of sheet aluminum and requires 
considerable skill in welding satisfactorily. 

Welding Aircraft Joints—A committee of welding procedure 
appointed by the American Bureau of Welding prepared the following 
information for the welding of aircraft joints, using these methods in 
making the test joints for the Bureau of Standards. Both mild steel 
and chrome molybdenum steel were used both in tubing and in plates, 
but only one type of welding rod was used, this being U. S. Army 


Fria. 33.—Welding a wheel guard. 


specification No. 57-203-A, grade A for arc, and grade E for gas 
welding. With gages for oxygen showing working pressures up to 100 
pounds, and for acetylene up to 30 pounds, tips are to be maintained 
in condition to produce the welding flames shown in A or B, Fig. 34. 
This illustration shows good and bad flames and the trouble in each 
case. 

Tips should not be cleaned with any hard instrument, a wire either 
of soft brass or copper, or a piece of hard wood is best. The size of the 
tip must be inspected frequently and kept within half of a drill size of 
standard. Figures 35 to 41 show various types of welds and give all 
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necessary information concerning them. A convenient and fairly 
universal welding jig is shown in Fig. 42. Figure 43 shows limit gages 
for measuring butt and fillet welds and how the gages are used. Figure 
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Fie. 34.—Welding flame characteristics. 


44 shows what is known as forward and backward welding, being 
designated from the movement of the welding torch with relation to the 
metal being filled in. The backward method is recommended when 


~ 
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Fria. 36.—Position butt-weld test. Width of weld six times wall thickness. 
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convenient. Care should be taken to avoid undercutting the base 
metal at the edges of the weld and to produce an even weld contour. 
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Fic. 37.—Fillet-weld test. 


Weld reinforcements should be not less than the wall thickness or a 
minimum of ,- and a 14-inch maximum, unless otherwise specified. 
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Fig. 38.—Open butt-weld for tensile. 
It is recommended that all material to be welded should be tested 


before going into production, by making sample welds on one piece 
of the lot. 
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Suggestions for Welding.—Where the proper jigs are used, it is 
seldom necessary or desirable to tack-weld tubing. Tubing is used in 
many other ways by the automotive industry. All-welded fuselages 
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Fic. 39.—Reinforced welding test. 
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Frq. 40.—Angular welds with reinforcing plate. 


for airplanes have become standard. For this purpose chrome-molyb- 
denum and mild steel tubing is used and welds are usually made with 
either high test or mild steel welding rod. 
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Fie. 41.—Various types of welded joints. 
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Fig. 42.—Universal welding jig. 
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Fia. 43.—Gages for measuring butt and fillet welds and a sketch illustrating 
method of application to these gages. 


428 THE AIRCRAFT HANDBOOK 


Oxy-acetylene welding has simplified greatly the mechanical problems 
involved in aircraft construction. It eliminates fittings and other 
composite joints, and makes the fuselage frame itself, in fact and in 
action, one single unit of steel. The welded joint on planes of moderate 
size eliminates several hundred pounds of cast or forged fittings and 
gives a proportionate increase in pay load. The welded joint also 
gives remarkably high values in both tension and compression. 


Direction of 
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lal 
+ Weld Metal torch Ga Wek 


Weld Metal 


‘ Base Meta/ Base Neta/ 


FORWARD WELDING BACKWARD WELDING 


Fie. 44.— Methods of welding. 


When welding is employed, the matter of changing the design of the 
ship is relatively simple. If it is desirable to use tubing of a different 
diameter or wall thickness, no change in apparatus or method is 
necessary. Tubing can be bought in stock lengths, and it is not nec- 
essary to do any threading or fitting. 

The ability of oxwelded joints to stand the tremendous stresses of 
sustained flight with heavy loads and the serious shocks of forced 
landings has been proved. Although there are, on the average, between 
400 and 500 welded joints in a single plane, consultation with a number 
of the most prominent manufacturers of oxwelded aircraft fails to reveal 
a single instance of a failure in service of any welded joint. Tests 
made at the U.S. Army Air Service field at Dayton, Ohio, have indicated 
that with chrome-molybdenum tubing it is possible to secure an ultimate 
tensile strength of 96,900 pounds per square inch. 

The table on page 429 will be found useful in connection with the 
welding of sheet steel. 


429 


AIRPLANE CONSTRUCTION 


00 680 60 OL 8 OL IT lat ae ¢ g Ir 8-1 
c0'0 6¢°0 z9°0 £°8 Te) FL LI It v v €T 8-6 
100 Le°0 6€°0 69 9°9 LT 1G or & € 91 9T-T 
610 020 oP Gar, GS 96 or G a SS e-1 
$900 890 °0 Tage ay 9% 0€ 6 I 83 
6600 ¢Z0 0 4°0 8°0 (a3 9¢ 6 0 GE 
eu 
spunoa | M260" | eozaxne | omer | nosorane | Sea | swore rela 
‘pos Be uasAXQ -£4o0V wesAXO doug -u0o ysog ae FI-M 6-M 
BuIplaa OMe 
12948 erenbs 10d 
sed spunod 
uorduimnsuo0d sey uolzduinsuod ser) peesdg ‘gansse1d 
ues hxQ, dij 10 prey yeqour 
BuUIp[eA JO ezIg | Jo sseuHoIGyT, 
eorjoeid doys ‘400j rv0Uul] Jog mmoy 19g 


pe a 


SALVUVddY GIAMXO YOL ATAV], ONIGIGDM TWALG LAGHS 


SECTION X 
MATERIALS FOR AIRCRAFT CONSTRUCTION 


Materials play such an important part in aircraft construction and a 
knowledge of both the materials available and their qualities is so 
important, that it is felt the information that follows will be of service 
both to builders who have not had the opportunity of wide experience 
and selecting the right materials for repairs or emergency replacements. 
The information in this section has been secured from both manufactures 
of the materials mentioned, large users giving freely of the result of 
their own experience. The source of the information is given wherever 
possible. 

Materials used in airplane construction or repair require careful 
consideration both as to kind and quality. Wood has largely given 
way to metal such as steel, Monel, duralumin and other strong aluminum 
alloys and similar metals, and in all of them quality is highly important. 
Standard shapes are naturally used as far as possible and some of the 
materials available are shown in this section. Tables that give concise 
information, such as standard dimensions, weight, strength, and other 
facts of value to those who design or build planes are included, through 
the kindness of those who desire to aid the industry as a whole by making 
public the results of their own experience. 

Aluminum Alloys.—There are numerous aluminum alloys, some 
appearing under trade names and each having its own characteristics 
in most cases. Pure aluminum is but little used but the various alloys 
known as duralumin, or more commonly as “‘dural” and by other names 
are widely used in various grades. While originally a trade name it has 
come to be applied to many alloys of aluminum in which the strength 
has been materially increased by the addition of copper and other metals. 

Wing ribs have been developed that combine great strength and 
lightness. A 60-inch Hall rib of Clark design weighs less than a half 
ounce and yet withstood a load of 850 pounds before failure. 
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Some who have had a wide experience with aluminum alloys, such as 
duralumin or its equivalent, contend that not only the strength but the 
life of this metal depends largely upon the proper heat treatment. 
They feel that care in avoiding working this metal after it has begun to 
harden, or age, will greatly increase its life. Disintegration, especially 
when exposed to salt air or salt water, is said to be one of the results of 
working this metal without proper heat treatment, or of working it at all 
after it has begun to age after heating and cooling. Sheets that must 
be bent or formed should, for example, be worked as soon after heating 
and quenching as possible, within an hour if it can be done. Rivets 
used in structures built up of this metal are used within an hour or they 
go back for reheating. Users cite numerous cases, where rivets that 
have aged before driving have disintegrated, while those in the same job 
that were properly treated, have remained sound after several years. 

Aiclad.—“ Alclad” is a comparatively new special combination by 
which the outside of a piece of metal is coated with pure aluminum 
although the base is a much stronger alloy of the same material. Alclad 
sheet consists of a heat-treated strong aluminum alloy base (17 ST) 
protected from corrosion by smooth, dense surface layers of high purity 
aluminum, alloyed with the core. The thickness of each surface layer 
is very uniform; it is 514 per cent of the total thickness of the sheet. 
A full cross-section of a piece of 20 gage (0.032 inch) Alclad ST sheet 
shows the core clearly differentiated from the pure aluminum surface 
by the etching procedure, which reveals the grain structure of the former 
without attacking the pure metal. 

As the metals look almost identical the makers of Alclad, the Alumi- 
num Company of America, suggest a test that can be easily made in the 
shop or elsewhere. 

Take a piece of aluminum-alloy sheet with a sharp corner and scratch 
the piece believed to be alclad. The pure aluminum surface of the alclad 
will show a deeper scratch for the same effort than will a piece of dura- 
lumin or other similar alloy. There is also a different feel when the 
alclad is scratched, so that the difference can be easily detected. 

Strong aluminum alloys have been developed to supply strong 
materials of light weight. The first of these was known as duralumin 
which is a trade name, although used quite generally to denote the 
strong alloys of aluminum, copper, and manganese. The specific 
gravity of these alloys is from 2.69 to 2.82 as compared with 2.71 for 
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pure aluminum. These strong alloys are primarily wrought materials 
although heat treatment will greatly improve the cast alloys. The 
following tables gives the composition, sizes and properties of these 
alloys as made by the Aluminum Company of America: 


Manga-| Mag- a Aluminum 

OU: nese nesium oe minimum 
OW ASW a aces orhet era oe 4.0 0.5 0.5 92.0 
BI7S. 3.5 0.3 te: 94.0 
ANG WAS des a ee 2.5 sb 0.3 ee 95.0 
C17S (Special 17S)... 4.0 0.5 0.5 1.25 92.0 
2 DRE ete ores 4.5 0.8 0.8 92.0 
Laila. ae neha /een eerie 5 Ss feet 0.6 1.0 96.5 
OS rere cree e cell 475 ree oe oe: 93.0 


These alloys are capable of different heat treatments and have very 
different characteristics. They are supplied with Hard Wrought 
Temper H, Soft Temper O, Quenched Temper W, and Heat Treated 
Temper T. Temper H is only suitable where ductibility is not required, 
but the metal can be annealed by heating slowly to 650° F. and allowed 
to cool slowly in the furnace. If dead softness is required it should 
be heated to 800° F. for about 10 hours, then cooled to 450° F. at a rate 
not exceeding 25° per hour before removing from the furnace. It is 
then workable in any way desired. Accurate temperature measurement 
is necessary for good results. 

Pure aluminum is easily welded using either special aluminum wire 
supplied for the purpose or narrow strips of the sheet metal itself. 
The strong alloys can also be welded, but with more difficulty. A 
welding rod containing 5 per cent aluminum silicon is an aid if welding 
is to be done. It must be remembered, however, that a weld contains 
cast metal and that the adjacent metal has been softened, so that 
where strength is important the joint should be riveted. 

Various grades of aluminum alloys are selected for different uses. 
Propellers for example are made of 25ST forgings, while 17ST is recom- 
mended for aircraft construction where the sections are thin and highly 
stressed. As stressed metal.is more easily affected by corrosion it 
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should be protected in use. One method of protection that has been 
found very satisfactory is to coat the 17ST base with aluminum of 
high purity which combines the advantages of excellent mechanical 
properties with exceptional resistance to corrosion. This combination 
is known as ‘‘Alclad.” Standard salt-spray tests have practically no 
effect on this combination. Alclad sheets are supplied in the same 
tempers as ordinary 17S and in the same gages and sizes. 

Heat treatment is easily accomplished in a bath of fused sodium 
nitrate heated with gas or oil to secure close regulation of temperature. 
The bath should be stirred to secure even temperature. This can be 
easily done by raising and lowering the work in the bath, taking care 
not to raise it above the surface. 

The temperature ranges for heat treatment are: 

178-A17S-B17S, 940 to 960° F. 

C17S(special 17S), 920 to 940° F. 

258-518, 960 to 980, preferably 970° F. 

While the size of the work affects the time required in the bath, 
25 minutes will usually be sufficient. The work should be quenched 
as soon as possible after removing from the heating bath. 

Both hot and cold baths have been used for quenching, but cold 
water produces a higher resistance to corrosion. Any adhering nitrate 
must be completely washed from the metal to avoid corrosion due to the 
tendency of salt to take up moisture. Tor this reason it is good practice 
to follow the cold quench with a thorough rinsing in hot water. Unlike 
steel these alloys do not harden on quenching but grow hard after the 
treatment. This makes it possible to form or work heat-treated work 
without damage if the work is done within a short time after quenching. 
It is considered advisable to perform any bending or forming operations 
on heat-treated alloys within an hour after quenching; and this is a 
very strict rule regarding rivets used in this work. It is found advisable 
to return any rivets not used within the hour to the furnace for reheating. 

The following tables are self-explanatory and will be found helpful: 
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Tape 1.—MxEcHANICAL Properties OF StrRonG ALUMINUM ALLOYS 


Se EEE eae 


Tensile strength, 


Yield point, 


Elongation, | 


Brinell hardness, 


Alloy pounds per pounds per | per cent in| 500-kilogram 
square inch square inch 2 inches load, 10 mm. ball 
5180 14 ,000-—19., 000 4,000— 6,000 | 22-32 25-32 
51SW 30 , 000-40 ,000 | 15,000—20 ,000 20-30 55-70 
ssi USya 45 ,000-50,000 | 30,000—40 ,000 10-18 90-100 
25SO 23 ,000-35,000 | 7,000—12,000 12-20 45-55 
25S W 45 ,000-53,000 | 15,000-80 , 000 15-22 68-85 
25ST 55,000-63,000 | 30,000—40 , 000 16-25 90-105 
17SO 25,000-35,000 | 7,000-10 ,000 14-22 45-55 
17ST 55 000-63 ,000 | 30,000—40 ,000 18-25 90-105 
BiEZSOn | P20R000=25, 0000 eke tees 20-28 30—40 
B17ST | 42,000-50,000 | 20,000—25,000 20-28 65-85 
INT ASC) | OO COU SHOUD I esac oh ono hee 20-28 30-40 
A178T | 35,000—-45,000 | 15,000—20,000 20-28 55-75 
C1780 | 25,000-35,000 | 7,000-10,000 12-20 42-55 
C17SW | 55,000-63,000 | 30,000—40 , 000 18-25 90-105 
C178T | 63,000-70,000 | 50,000—55 , 000 8-14 95-125 
pes |e SS oe 
Tasty 2.—SprEciFic GRAVITY 
pee ee ee ee 
258, 17S and C 
Alloy (Special) 178 518 A17S | B17S 
Specie Tavivyinets ose cera 2.79 2.69 2.74 2.76 
Weight, pounds per cubic inch. . 0.101 0.098 | 0.099 | 0.100 
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Tape 4.—MECHANICAL PROPERTIES OF 195 ALLOY 
(Data obtained from standard sand-cast unmachined heat-treated test bars, 
al ltl oo irra Catan enn ee AEE ho" SENS | RA BE 


Heat- : Elonga- : Approximate 
treat- . Tensile tion Approximate Brinell hard- 
Approximate strength, yield point, 
Alloy | ment vee per cent ness 10 mm. 
num. | Composition pounds per ay pounds per ball—1,000 
ber square inch a ahes square inch. ina 
195 4 |4.5 per cent Cu 28 ,000—38 , 000 6-12 13,500 65 
195 16 |4.5 per cent Cuj30,000—40, 000 3-8 21,000 75 
195 10 |4.5 per cent Cu|36,000—50, 000 0-5 27 ,000 100 


Se ee ee ee 


Orprnary ALUMINUM Castine ALLoys IN GENERAL USE (FoR COMPARISON 


2 ln eee ee ae SS SS Se ee 


No. 12 | None| 8.0 per cent Cu |18,000-23,000 1-3 65 
7.0 per cent Cu | 

No. 112 | None | { 2.0 per cent Zn |19,000—24,000 1-2.5 65 
1.2 per cent Fe 


No. 43. | None| 5.0 per cent Si MPL Use Att 3-7 40 


Lee ee ee SS eee 


Special shaped tubing can also be secured in most of the alloy 
previously mentioned. A new table of stream-lined tubing follow 
Square tubing and rectangular tubing with rounded ends can also t 
found in regular stock. 
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TABLE 5.—STREAM-LINE ALUMINUM ALLOY TUBING 


437 


Trail- : Fi 
Major | Minor veel ing edge ; Area te 2 ine. Can be 
axis axis yee inside Wosebe of wall,| ,. bent BEES furn- TMSK 
ness _ 8 pounds diameter | ratio, : 
a, b, radius square a ished No. 
inches | inches | . q, Cy per foot inches Ong gern 3 in 
inches | . inches minor 
inches 
6.474 | 2.760 | 0.134 | 0.402 2.330 | 1.942 4.747 2.345 | All 61 
5.428] 2.300 | 0.148 | 0.444 PR EON alten Ye 4.058 2.360 | All 60 
5.428 | 2.300 | 0.109 | 0.328 1.605 | 1.338] 4.018 2.360 | All 59 
4.720 | 2.000 | 0.095 | 0.285 1.270 | 1.050 3.250 2.360 | All 46 
4.389 | 1.860 | 0.083 | 0.270 0.982.} 0.810 3.194 2.360 | All 41 
4.050 | 1.716 | 0.083 | 0.243 0.933 | 0.770 3.040 2.360 | All 42 
4.018} 1.760 | 0.065 | 0.032 0.778 | 0.648 3.024 2.285 | All 47 
4.008 | 1.760 | 0.095 | 0.290 1.070 | 0.901 3.125 2.318 | All 10 
8.710 | 1.572 | 0.065 | 0.233 0.674 | 0.548 2.750 2.360 | All 43 
3.375 | 1.430 | 0.065 | 0.207 0.601 | 0.497 2.500 2.360 | All 44 
3.350 | 1.500 | 0.065 | 0.123 0.634 | 0.521 2.625 2.234 | All 16 
3.125 | 1.188 | 0.090 | 0.281 0.790 | 0.658 2.327 2.633 | All 68 
8.125 | 1.188 | 0.057 | 0.094 0.456 | 0.380 2.253 2.633 28, 38 30 
and 51S 
8.125 | 1.188.) 0.032 |.0.094 0.271 | 0.400 2.313 2.633 | All 15 
3.125 188 | 0.057 | 0.171 0.456 | 0.380 2.253 2.633 | All 50 
3.125 | 1.188 | 0.049 | 0.045 0.436 | 0.360 2.313 2.633 28,38 21 
and 518 
3.125 | 1.188 | 0.049 | 0.179 0.407 | 0.339 2.253 2.633 | All 54 
3.125 | 0.375 | 0.032 | 0.015 0.247 | 0.206 2.049 8.340 28,35 51 
and 518 
*2.750 | 1.125 | 0.049 | 0.201 0.388 | 0.320 2.130 2.445 | All 18 
2.700 | 1.144 | 0.058 | 0.160 0.429 | 0.354 2.000 2.360 | All 45 
1.875 | 0.375 | 0.035 | 0.012 0.166 | 0.140 1.310 5.000 | All 29 
1.625 | 0.375 | 0.032 | 0.063 0.131 | 0.108 1.106 4.335 | All 19 
1.219 | 0.414 |. 0.035 | 0.047 0.109 | 0.091 0.844 2.940 28, 38 58 
and 518 


—————————__—————_———— ae 


* Elliptical. 
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Aluminum and Other Light Alloys.—The necessity of saving weight 
in airplane construction has been responsible for the development of 
many light alloys that have frequently shown unexpected strength. 
One of the oldest of these is magnalite which, when die-cast, develops a 
tensile strength of from 25,000 to 32,400 pounds and a yield point of 
from 18,000 to 25,000 pounds with a specific gravity of 2.71 or about 
one-third the weight of cast iron. 

Magnalite, as with other alloys, is made in various grades to suit 
different requirements. It is supplied in castings and ingots and, after 
heat treatment, runs as high as 40,000 pounds tensile strength, with an 
elongation of 4 per cent. It is known as Y-metal in some sections and 
is well known in airplane work. 


MAGNESIUM AND ITS ALLOYS! 


Although magnesium was first obtained in 1808, it was only recently 
that its commercial value for the production of light alloys was recognized. 
New methods of reducing it from its ores have made possible the production 
of large quantities of the pure metal at low prices, and it is now being used 
in automotive production and in places where extreme lightness of parts is 
required. 

Magnesium is the lightest of all known metals. It is only 65 per cent o! 
the weight of aluminum, and only 22 per cent of the weight of steel. Mag- 
nesium, when pure, is a lustrous silvery-white metal. Its melting point is 
1204° F., which is only 16° below that of aluminum. But when heated ir 
the air to a point slightly above the melting point, magnesium burns witk 
a brilliant white ight. The tensile strength of cast magnesium is as low as 
13,000 pounds per square inch, and of extruded magnesium 28,000 pounds 
per square inch. Due to its great affinity for oxygen magnesium is employec 
as a deoxidizer in melting copper, brass, and nickel. It is also used exten: 
sively in fireworks, and for flashlights. 

Magnesium is not used commercially in the making of parts except it 
alloys. The usual alloying metal is aluminum, and the proportions gener 
ally vary from 88 to 96 per cent of magnesium and from 4 to 12 per cent o 
aluminum. Another class of aluminum alloys contains magnesium in only 
small quantities. Magnesium-aluminum alloys are considerably stronge 
and tougher than magnesium alone. 

Heat Treating.—Sand castings of magnesium alloy containing 88 per cen 
of magnesium and 12 per cent of aluminum have a tensile strength of onk 


1 For the information given we are largely indebted tg the American Mag 
nesium Corporation, American Machinist, Jan. 13, 1927. 
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19,000 pounds per square inch, but when heat treated show strengths up to 
31,000 pounds per square inch. This alloy, when extruded, has a tensile 
strength of 45,000 pounds per square inch, and in rolled sheets as high as 
53,000 pounds per square inch. Increasing the proportion of magnesium 
and lowering that of aluminum decreases proportionally the tensile strength 
of the alloy. A magnesium-aluminum alloy with 96 per cent of magnesium, 
when cast ana heat treated, has a tensile strength of only 25,000 pounds per 
square inch, 

In heat treating magnesium alloy castings it is only necessary to hold 
them at a temperature of about 800° F. for a short period of time. If the 
piece is cooled rapidly after treating, a hardening effect takes place. 

Magnesium alloys cannot be bent cold easily, but rolled sheet should 
bend without cracking around a radius three times the thickness of the 
sheet. Spinning and drawing of magnesium alloys are impractical due to 
the rapid hardening of the metal under cold work. But hot pressing of the 
alloys can be done at temperatures from 650 to 850° F. At these tempera- 
tures the metal, when compressed into a confined die, will flow into very thin 
sections and reproduce fine details. Riveting, or upsetting work of any kind, 
must also be done hot, and with hot tools. 

Machining the Alloys.—Magnesium alloys are machined easily. The 
metal does not tear, and chips do not cling to the tools. A higher speed may 
be used than is employed for brass. Carbon steel tools are used as for brass, 
and there is no advantage in using high-speed steel tools. Cutting lubri- 
cants are not ordinarily used. 

Cutters for milling magnesium alloys should have coarse teeth, and for 
cutters 3 inches or larger in diameter a clearance angle of 4 degrees is used. 
For smaller cutters an angle of 6 degrees is employed. Spiral fluted cutters 
with 15-degree spiral are recommended. Smooth cutting edges on all tools, 
as for brass, are necessary. The fine cutting edge is obtained with an oil 
stone. Reaming should also be done with spiral fluted reamers. Carbon 
steel drills are used on these alloys, and may be run at 150 feet per minute. 

For the average turning of magnesium alloys a round nose tool will give 
good results. It should have a side slope of from 12 to 15 degrees, and a 
clearance of about 12 degrees. Cutting speeds up to 200 feet per minute can 
be used for general work. Cuts as deep as 34 inch can be made with a 149 
inch feed, but for finishing work fine feeds are recommended. 

The fine chips from magnesium alloys will ignite and burn easily, and thus 
constitute a fire hazard in the shop, but the metal in bulk forms is safe to 
use without fear of ignition under ordinary circumstances. Magnesium- 
aluminum alloys are attacked by acids and salt solutions, and also oxidize 
easily in the air. Parts made of these aJloys should therefore be protected. 
by a coat of paint, varnish, or lacquer. 
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Parts made of magnesium alloys can be brought to a high state of polish 
by ordinary polishing methods. Sand blasting is also used effectively in 
cleaning and polishing the parts. In plating magnesium, however, acid 
solutions must be avoided due to their corrosive action on the metal. For 
copper plating a cyanide solution is used. Parts to be nickel plated should 
first be given a coating of copper. 

Magnesium alloys have their greatest use where lightness is of first 
importance. They are being employed for the pistons of automobile engines, 
and in airplane work for such parts as crankcases, oil pans, gasoline tanks, 
and small parts. 


CHARACTERISTICS OF BRASSES? 
RoutuED SHEET. AND Strip Brass 


Brass is an alloy of copper and zine in varying proportions. Brasses 
are more ductile than the corresponding copper-tin alloys or bronzes, 
but are not as hard. When the zinc content exceeds 45 per cent, however, 
the alloy becomes very brittle. Brass is malleable and can be readily 
worked cold. Like most metals, it becomes hard under the cold work, but 
it can be annealed by simply heating and cooling. 

True brass contains only copper and zinc, but tin and lead are sometimes 
added for special purposes. Iron is an impurity, and ordinarily is considered 
very detrimental to the alloy. Lead comes as an impurity in the zine, and 
a high grade of zine containing not more than 0.07 per cent is used for the 
best brass. Tin is sometimes added to give greater strength and hardness, 
and a desired color. Lead is intentionally added to some mixtures to 
improve the machining. 

The sheet brasses vary in proportion from about 60 per cent copper up to 
pure copper. They differ in color from light yellow to a copper red. An 
increase in the copper content produces a golden color, while an increase in 
the percentage of zinc lightens the color of the alloy to light yellow. The 
cost of brass increases with the percentage of copper. 

More than 75 per cent of all wrought brass contains about 65 per cent 
copper and 35 per cent zinc, but there are ten general classifications of com- 
mercial rolled brass. These brasses are manufactured with different stand- 
ard degrees of hardness or ‘‘temper.’’ This hardness is obtained by cold 
rolling after the last annealing, and it depends upon the percentage of cold 
reduction rather than on the passes through the roll. When the thickness 
is reduced one number of the B. & S. gage, that is, when a No. 18 sheet, 0.040 
inch, is reduced to No. 19, 0.036 inch, the resulting sheet is known as 4 


1 For the information given, we are indebted to the Bridgeport Brass Co., 
American Machinist, Oct. 20, 1927. 
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Hard. When reduced two numbers it is 44 Hard, three numbers 34 Hard, 
and when reduced four numbers it is Hard. Extra hard is obtained by the 
reduction of six numbers. Spring Hard by eight numbers, and Extra Spring 
Hard by ten numbers. However, the softness of the metal before the final 
rolling has an influence, and if very close limits of temper are desired, the 
hardness number on some standard testing machine must be specified. 

While numbers are applied to the degree of hardness in tempered brass, 
the grain size is the method of testing the degree of softness of annealed 
brass. The normal designations of annealed brass are: Deep drawing, 
drawing, and light annealed; which are sometimes also designated as dead 
soft, soft, and light annealed. The degree of softness is dependent upon the 
finished grain size which is produced by a control of the final annealing 
operations. All grain sizes are measured in millimeters at 75 diameters 
magnification. 

A wide variety of uses can be made of the standard sheet brasses by 
selecting the one best suited for a given job, and varying its qualities during 
the fabricating operations. With a given composition, softness in brass is 
obtained at the expense of strength, and the smoothness of surface when 
polishing. Likewise, strength and hardness are obtained at the expense of 
ductility and bending capacity. The following are the ordinary composi- 
tions used in sheet and strip brass: j 

Muntz Metal_—This is the name applying to the group of brasses contain- 
ing approximately 60 per cent of copper and 40 per cent of zinc. They can 
be hot rolled as well as cold rolled. Muntz metal sheet is used for ship 
sheathing and for very large sheets. 

Naval Brass.—This brass is sometimes erroneously called Naval Bronze. 
It contains 60 per cent of copper, 3914 per cent of zinc and 34 per cent of tin. 
It is used for articles requiring corrosion resistance properties, and can be 
worked both hot and cold. 

Clock Brass.—This brass contains 62 per cent of copper, 36 per cent of 
zinc, and 2 per cent of lead. It can be cut and blanked with clean sharp 
edges, and is especially adapted for such parts as clock gears. It will with- 
stand only slight forming and cupping. 

High Brass.—This is the most common commercial sheet brass and 
contains 65 per cent of copper and 35 per cent of zinc. When annealed it is 
used for general cupping and forming and in the hard tempers it is employed 
for parts made by blanking, bending, and forming. It is also used for 
spinning. 

Leaded High Brass—This alloy contains approximately 65 per cent of 
copper, from 14 to 114 per cent of lead, and the remainder zinc. It is 
easier to machine than high brass but is less ductile. It does not foul the 
threading and gutting tools, and is used especially for cut, drawn, and formed 
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parts on which a clean thread must be cut. This property of free cutting is 
gained at the expense of its drawing capacity. 

Cartridge Brass.—This alloy is made up of 70 per cent of copper and 30 
per cent of zinc, the highest grade of zine being used, containing practically 
no lead. Its high ductility makes it a good drawing metal, and it derives 
its name from its use in making deep-drawn cartridge shells. 

Low Brass.—An alloy containing 80 per cent of copper and 20 per cent of 
zinc. It has a fine yellow color, and is used for decorative work. 

Rich Low Brass.—An alloy containing 85 per cent of copper and 15 per 
cent of zinc. The color is reddish, and it is generally used for hardware. 

Commercial Bronze.—This alloy derives its name from its bronze color, 
but it is a true brass. It contains 90 per cent of copper and 10 per cent of 
zinc. Sometimes it is made up, however, with 88 per cent of copper, 1144 
per cent of zine and 14 per cent of tin. 

Gilding Metal.—This alloy contains 95 to 97 per cent of copper and 5 to 3 
per cent of zine. It has a reddish gold color, and is used for the manufacture 
of jewelry. It is also used in making such articles as bullet jackets and 
primers. 


STEEL TUBING 


Steel tubing has become such a factor in the modern airplane that 
all who have to do with either design, construction, or repair should be 
familiar with its dimensions, strength, and characteristics. The 
greatest strength of cold-drawn steel tubing is in its unannealed state. 
A tube of 134 inches outside diameter (hereafter referred to as O.D.) of 
No. 12 Birmingham Wire Gage or 0.109 inch in thickness, has a tensile 
strength of 101,500 pounds and a yield point of 65,300 pounds. At 
this hardness however, the elongation is only 15 per cent with 22 per 
cent reduction in area. The effect of heating to 930, 1100, and 1300° F. 
is shown in Table 7. Annealing to these temperatures reduces the 
tensile strength but increases the ductility or resistance to fracture. 
These figures also show how steel tubing is affected by temperature 
such as in welding with either the gas torch or electric arc. Here, 
however, the heat is largely confined to the weld, where metal is added, 
and the whole tube is not annealed. 

Among the steel tubing used in aircraft construction are what is 
known as 0.20-0.30 carbon steel and chrome-molybdenum steel. The 
first contains carbon in the amounts stated and 0.50-0.80 manganese. 
Its tensile strength is 55,000 and its yield point 36,000 pounds with 
22 per cent elongation. The chrome-molybdenum steel has 0.25-0.35 
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carbon, 0.40-0.60 manganese, 0.80-1.10 chromium, and 0.15-25 molyb- 
denum. It should be obtained normalized to relieve all internal 
strains. Its tensile strength is 95,000 and the yield point 60,000 with 
10 per cent elongation. 

For estimating the weight of round seamless steel tubing use the 
following rule: 

Subtract the thickness of the wall from the outside diameter Multi- 
ply the difference by the thickness of the wall in decimals. Multiply 
this result by the constant 10.68 which gives the weight of tube in pounds 
per foot. Example: Find the weight of a tube 1 inch in diameter and 
with 1 inch wall. 

1 inch minus }¢ or 1.000 — 0.125 = 0.875. Multiplying by 0.125 = 
0.109375. Multiplying this by 10.68 = 1.168 pounds per foot. Tables 
of the properties of steel tubing are also given. 

The tables that follow, 7 to 11 are from the National Tube Company. 
All weights are figured on the basis of 1 cubic inch of steel weighing 
0.2833 pounds and decimals are limited to three places. It is usual to 
order by outside diameter but this should always be stated, and also 
whether the outside or inside diameter is most important. Wall 
thickness is ordered either by Birmingham Wire Gage or by decimals, 
the latter being preferable in every case. 


TABLE 6 
Ultimate Yield 
strength point | Per cent) Reduc- 
; men PES f 
Bere neon pou pounds elonga gon (0) 
per per tion on | area, 
square square | 2 inches | per cent 
inch inch 
SVAN oN 
134 inches O.D. X 12 Ga. cold 101,500 | 65,300 15 22 
drawn unannealed...........J 
13% inches O.D. X 12 Ga. cold 
0 2,800 2 31 
drawn 930° F. finish anneal... cede B28 : 
134 inches O.D. X 12 Ga. cold 
400 | 46,700 56 42 
drawn 1100° F. medium anneal "2 Me v4 
134 inches O.D. X 12 Ga. cold) 
100 | 37,500 55 48 
drawn 1300° F. soft anneal. . oo : 
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Tapitp 8.—ContTEeNTS oF TUBES AND CYLINDERS 


Contents in Cubic Feet and United States Gallons of Tubes and Cylinders 
of Various Inside Diameters and One Foot in Length 


(1 gallon = 231 cubic inches = 0.13368 cubic foot. 1 cubic foot = 7.4805 


gallons) 
For 1 foot in length For 1 foot in length For 1 foot in length 
Diam- i Diam- : Diam- : 
eter in | , Cubic eter in Cubic eter in Cubic 
inches egy else . seh inches peoene Wess inches ee sere ae 
square gallons AGS gallons quar gallons 
feet feet feet 
14 0.0003 | 0.0025 434 0.1231 | 0.9206 114 0.7213 5.396 
546 0.0005 | 0.0040 is 0.1364 | 1.020 1134 0.7530 5.633 
34 0.0008 | 0.0057 54% 0.1503 | 1.125 12 0.7854 5.875 
“Ye 0.0010 | 0.0078 54% 0.1650 | 1.234 124 0.8522 6.375 
a 0.0014 | 0.0102 534 0.1803 | 1.349 13 0.9218 6.895 
46 0.0017 | 0.0129 6 0.1963 | 1.469 1314 0.9940 7.436 
54 0.0021 | 0.0159 6% 0.2131 | 1.594 14 1.069 7.997 
1s 0.0026 | 0.0193 614 0.2304 | 1.724 1414 1.147 8.578 
34 0.0031 | 0.0230 634 0.2485 | 1.859 15 1.227 9.180 
1346 0.0036 | 0.0269 i 0.2673 | 1.999 1514 1.310 9.801 
16 0.0042 | 0.0312 7% 0.2867 | 2.145 16 1.396 10.44 
1546 0.0048 | 0.0359 Te 0.3068 | 2.295 1614 1.485 peat) 
if 0.0055 | 0.0408 734 0.3276 | 2.450 17 1.576 abil t7A8) 
1% 0.0085 | 0.0638 8 0:3491 | 2.611 1714 1.670 12.49 
144 0.0123 | 0.0918 84 ONS E2Ai Wa 18 1.767 13.22 
134 0.0167 | 0.1249 84 0.3941 | 2.948 1814 1.867 13.96 
2 0.0218 | 0.1632 834 0.4176 | 3.125 19 1.969 14.73 
24 0.0276 | 0.2066 9 0.4418 | 3.305 1914 2.074 15.51 
21 0.0341 | 0.2550 974 0.4667 | 3.491 20 2.182 16.32 
23% 0.0412 | 0.3085 9% 0.4922 | 3.682 
3 0.0491 | 0.3672 934 0.5185 | 3.879 
3% 0.0576 | 0.4309 10 0.5454 | 4.080 
34 0.0668 | 0.4998 1074 0.5730 | 4.286 
334 0.0767 | 0.5738 1014 0.6013 | 4.498 
4 0.0873 | 0.6528 1034 0.6303 | 4.715 
414 0.0985 | 0.7369 11 0.6600 | 4.937 
46 0.1104 | 0.8263 114% 0.6903 | 5.164 
| 


To find the capacity of tubes greater than the largest given in the table, look in the table 
for a tube of one-half the given size, and multiply its capacity by 4; or one of one-third its 
size, and multiply its capacity by 9, etc. 

To find the weight of water in any of the given sizes, multiply the capacity.in cubic feet 
by 624 or the capacity in gallons by 84, or, if a more accurate result is required, by the 
weight of a cubic foot of water at the actual temperature in the tube. 

Given the dimensions of a cylinder in inches, to find its capacity in U.S. gallons: Square 
the diameter, mulitply by the length and by 0.0034. Ifd = diameter, / = length, gallons 

2 
= dt x O78 Xt = 0.0034d%2. If D and L are in feet, gallons = 5.875 DL. 
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TasBLE 9.—CyYLINDRICAL VESSELS 
Cylindrical Vessels, Tanks, and Cisterns 
Diameter in Feet and Inches, Area in Square Feet and Capacity in U.S. Gals.. 
for 1 Foot in Depth 
(1 gallon = 231 cubic inches = 0.13368 cubic foot. 1 cubic foot = 7.4805 


gallons) 
Diam- Area, | Gallons, || Diam- Area, | Gallons, |} Diam- Area, | Gallons, 
eter, square | 1 foot |jeter, feet) square 1 foot |\eter, feet} square 1 foot 

feet inches feet | depth inches feet depth inches feet depth 
1 0 0.785 5.87 4 8 T7310) (e795 13 0 | 132.73 992.91 
1 1 0.922 6.89 4 9 17.72 | 182056 13 3 | 137.89 |1,031.5 
1 2 1.069 8.00 4 10 18.35 | 137.25 13 6 | 143.14 |1,070.8 
1 3 1,227 9.18 4 ll 18.99 | 142.02 13 9 | 148.49 |1,110.8 
1 4 1.396 10.44 5 0 19.63 | 146.88 14 0 | 153.94 |1,151.5 
1 5 1.576 11.79 5 1 20.29 | 151.82 14 3 | 159.48 |1,193.0 
1 6 1.767 13.22 5 2 20.97 | 156.83 14 6 | 165.13 |1,235.3 
1 7 1.969 14.73 5 3 21.65 | 161.93 14 9 | 170.87 {1,278.2 
1 8 2.182 16.32 5 4 22.34 | 167.12 15 0 | 176.71 |1,321.9 
1 9 2.405 17.99 5 5 23.04 | 172.38 15 3 | 182.65 |1,366.4 
1 10 2.640 19.75 5 6 23.76 | 10772 15 6 }. 188.69 {1,411.5 
1 il 2.885 21.58 5 7 24.48 | 183.15 15 9 | 194.83 |1,457.4 
2 0 3.142 23.50 5 8 25.22 | 188.66 16 0 | 201.06 |1,504.1 
2 al 3.409 25.50 5 9 25.97 | 194.25 16 3 | 207.39 |1,551.4 
2 2 3.687 27.58 3. a0 26.73 | 199.92 16 6 | 213.82 |1,599.5 
2 3 3.976 29.74 oma l 27.49 | 205.67 16 9 | 220.35 |1,648.4 
2 ae 4.276 31.99 6 0 28.2¢ | 211.51 17 0 | 226.98 {1,697.9 
2 5 4.587 34.31 6 3 30.68 | 229.50 17 3 | 233.71 {1,748.2 
2. 6 4.909 36.72 6 6 33.18 | 248.23 17 6 | 240.53 |1,799.3 
2 7 5,241 39.21 6 9 35.78 | 267.69 17 9 | 247.45 |1,851.1 
2 8 5.585 41.78 Us 0 38.48 | 287.88 18 0 | 254.47 |1,903.6 
2 9 5.940 44.43 7 3 41.28 | 308.81 18 3 | 261.59 |1,956.8 
2 10 6.305 47.16 7 6 44.18 | 330.48 18 6 | 268.80 |2,010.8 
2 11 6.681 49.98 a 9 47.17 | 352.88 18 9 | 276.12 |2,065.5 
3 0 7.069 52.88 8 0 50.27 | 376.01 19 0 | 288.53 |2,120.9 
3 1 7.467 55.86 8 3 53.46 | 399.88 19 3} 2OUO4 (2.170 
3 2 7.876 58.92 8 6 56.75 | 424.48 19 6 | 298.65 |2,234.0 
3 3 8.296 62.06 8 9 60.13 | 449.82 19 9 | 306.35 |2,291.7 
3 4 8.727 65.28 9 0 63.62 | 475.89 20 0 | 314.16 |2,350.1 
3 5 9.168 68.58 9 3 67.20 | 502.70 

3 6 9.621 71.9% 9 6 70.88 | 530.24 

3 7 | 10.085 75.44 9 9 74.66 | 558.51 

3 8 | 10.559 78.99 10 O 78.54 | 587.52 

3 9 | 11.045 82.62 10 3 82.52 | 617.26 

3 10 | 11.541 86.33 10 6 86.59 | 647.74 

3 11 | 12.048 90.13 LORTES 90.76 | 678.95 

4 O | 12.566 94.00 i 8) 95.03 | 710.90 

4 1 | 13.095 97.96 11>) 73 99.40 | 743.58 

4 2 | 13.635 | 102.00 11 6 | 103.87 | 776.99 

4 3 | 14.186 | 106.12 ls! 9 | 108.43 | 811.14 

4 4 | 14.748 | 110.32 12 0) | L130 1-846 503 y 

4 5 | 15.321 | 114.61 12 3 | 117.86 | 881.65 

4 6 | 15.90 118.97 12 &| 122.72 | 918.00 

4 7 | 16.50 123.42 12 9 127.68 955.09 
ee 
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To assist in calculating the strength of steel tubing of standard 
dimensions, Table 7 giving the sectional area of the metal in tubes of 
diameters from 14 to 3 inches and in thicknesses from No/ 16 to 7%» 
inch are given, these sizes covering practically all airplane requirements. 

It sometimes happens that tubes are used as containers and in such 
cases Table 8 will be found useful, while Table 9 gives the capacity 
of cylindrical tanks from 1 to 20 feet in diameter. Available tube 
lengths are given in Table 11. 


STANDARD GAGES FOR WIRE AND PLATE 


A knowledge of just what is meant by different wire gages is always 
convenient when either constructing or repairing airplanes. But in 
spite of the tables given below, for convenience, all makers of steel and 
similar products strongly advise that sizes be specified in thousandths 
of an inch. If not, the name of the gage used should always be given. 
To avoid misunderstandings the following list should be consulted 
before ordering, as various materials are designated by different gages. 

The mills use: 


Birmingham or Stubs gage for bands, hoops, spring steel, steel tubing, 
and strip steel. 

Washburn & Moen gage for steel wire except music wire, which takes the 
music wire gage. Armature binding wire is made to Brown & Sharpe gage. 

Brown & Sharpe gage for brass sheets, brass strips, copper sheets, nickel- 
silver sheets and wire, phosphor-bronze strip, armature-binding wire. 

U. S. Standard gage for steel sheets, pure nickel sheets, and Monel. 

Music-wire gage for brickcutting wire, choker and control wire, music 
spring wire, piano wire, and spinning wire. 
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TasLE 12.—Dimensions In DecimAt Parts OF AN INCH 


American 
Number or U.S. 
of Brown Standard 
Gage & for Plate 
Sharpe 
©0000O |... ose eee[eoeeee -46875 
OQOOOO S| nls eis tarele!ereil te-alhhe' -4375 
0000 46 -40625 
000 40964 +375 
co =| .3648 -34375 
° 32486 3125 
I 2893 28125 
2 25763 -265625 
3 22042 25 
4 20431 -234375 
5 18194 21875 
6 16202 203125 
7 14428 1875 
8 12849 171875 
9 11443 15625 
10 10189 140625 
II .090742 125 
12 -080808 109375 
13 .o71961 09375 
14 .064084 078125 
15 .05 7068 -0703125 
16 -05082 .0625 
17 -045257 .05625 
18 -040303 .05 
19 | .03589 £04375 
20 .031961 .0375 
21 .028462 034375 
22 -025347 -03125 
23 2022571 .028125 
24 -O20I .025 
25 +0179 .021875 
26 | .01594 .01875 
27 -O14195 .0171875 
28 -O1 2641 015625 
29 -O1L257 .0140625 
3° -O10025 OL 25 
31 .0089 28 -0109375 
32 -00795 -O1015025 
33 00708 -009375 
34 006304 00859375 
35 -005614 .0078125 
36 +005 .00703125 
37 +004453 .006640625 
38 | .003965 .00625 
39 -003531 


40 .003144 
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AIRPLANE STEEL WIRE AND CABLE 


The distinction between wire and cable is that “wire” is a single 
wire while a cable is made up of several individual wires in various 
combinations. Airplane cables are frequently referred to as airplane 
“strand” and are designated by numbers that tell how the cable is 
made up. Where but one number is given, as a 19 strand, 19 wires are 
arranged into a single strand as shown above Table 13, where a central 
wire is surrounded by two layers of 6 and 12 wires. Such a strand is 
not very flexible and is used principally for stays. The sizes most 
commonly used are 1g and 34, inch. The makers state that about 


A AGS Ly NG EA i ot teh Pas 


Fig. 1.—How to give dimensions on cables with fittings. 


600 feet are required for staying a biplane and 250 for a monoplane 
of average size. Smaller sizes are used for light stays. The 442 inch 
size has but 7 wires. 

When two numbers are given as in Table 14, the first shows the num- 
ber of strands, the second the number of wires in each strand. The 
6 by 7 cord shown has a cotton center and 6 strands of 7 wires each 
around it. Such a cord is flexible enough to use for the controls such 
as steering gear and ailerons. Substituting a steel strand in the center 
for the cotton adds about 10 per cent to the strength but reduces the 
flexibility. The tables give the weight and strength of the various sizes. 
In ordering cables made up with fittings it is customary to measure to 
the “pull” of the fitting. The four small diagrams (Fig. 1) show. where 
the measurements are to be taken, with several different arrangements 

/ 
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of fittings. All steel wires, cords, or cables are either galvanized or 
tinned to prevent corrosion. 


Taste 13.—Roxrsiine 19-wirE GALVANIZED AIRCRAFT STRAND 


Diameter of Breaking strength Approximate weight, 
strand, inches of strand, pounds pounds per 100 feet 
% 28 , 500 53 .9 
Ke 23 , 500 40.6 
34 17,500 30.1 
46 12,500 20.65 
%o 10,000 17.67 
MY 8,000 13.50 
Veo 6, 100 10.00 
346 4,600 7.70 
%%o 3,200 5.50 
K 2,100 3.50 
Ya 1,600 2.60 
32 1,100 1.75 
564 780 1.21 
Ho 500 .78 
Mo 7-wire 185 . 30 
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Tasue 14—Rorsiine 6X7 Gauvanizep ArrcRAFT CorRD 


Diameter of Breaking strength Approximate weight, 
cord, inches of cord, pounds pounds per 100 feet 

My 20 ,000 37.80 

14 6 14,200 28 .60 

36 11,800 20.70 

546 7,900 15.00 

0 6 , 200 12.40 

A 5,000 9.50 

169 4,000 7.48 

346 257.50 5.30 

549 2,200 4.20 

XK 1,150 2.20 

Vb 830 1.50 

349 780 1.30 

564 480 0.83 

lig 400 0.73 


tandard airplane fittings adopted by the 8. A. E. are given in Sec. XI. 


SrANDARD TINNED AIRCRAFT .WIRE 


This wire represents one of the highest developments in the art of wire 
drawing. It must have as high a tensile strength as possible in order that 
the weight may be reduced to a minimum. It must be very uniform and 
tough, and sufficiently pliable to be bent into an eye for the ferrule terminal 
connection without danger of fracture. 

These requirements are met by using the highest grade of steel suitable 
for the purpose; by employing special care in drawing the wire, and by con- 
ducting exacting tests and inspections throughout the entire manufacture. 

Table 15 gives the specifications for Roebling Standard Tinned Aircraft 
Wire. 
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: Torsion test, é Tensile 
Steel- Diam- Me , number of ene NO, ne strength, 
; per 100 es number of strength, 
wire eter, turns in eight d oF: pounds per 
gage inches feet, inches ben si po square inch 
pounds FS (minimum) (minimum) ae 
(minimum) (minimum) 
0 0.306 | 24.87. 3 2 | 14,000 190,000 
1 0.283 | 21.14 4 2 12,100 192,000 
2 0.262 | 18.25 5 2 10,520 195,000 
3 0.244 | 15.71 5 2 9,200 197,000 
4 0.225 | 13.36 6 3 7,950 200 , 000 
5 0.207 || 11.31 8 3 H 6,850 204 , 000 
6 0.192 9.73 9 4 6,030 208 , 000 
7 0.177 8.27 9 4 5,250 213,000 
8 0.162 6.93 a i 5 4,520 219,000 
9 0.148 5.78 12 6 3,850 224 ,000 
10 0.135 4.81 15 7 3,290 230,000 
11 0.120 3.80 he 9 2,670 236,000 
12 0.105 2.91 21 11 2.090 241,000 
13 0.091 2.23 25 14 1,600 248 ,000 
14 0.080 1.69 29 17 1,260 252,000 
15 0.073 1.37 33 21 1,040 255 ,000 
16 0.062 1.05 38 25 775 258,000 
17 0.054 0.770 46 31 600 263 , 000 
18 0.047 0.583 53 39 460 268,000 
19 0.041 0.444 63 50 356 270,000 
20 0.034 0.323 74 78 250 275,000 
21 0.032 0.270 84 85 225 280,000 


DESIGN VALUES OF VARIOUS MATERIALS FOR AIRPLANE DESIGN 


The following tables, 16 to 23, are given by the courtesy of the Glenn 
L. Martin Co. as compiled and calculated by their chief engineer, L. C. 
Milburn. 

These include steel sheets, steel tubing, steel bars, bars and tubing 
sheets of various non-ferrous metals, castings and wood of various kinds. 

These tables are largely self-explanatory. The values given in the 
columns, such as tensile strength, are in 1,000 pounds, elongation being 
in percentage. The heat treatments referred to are those recommended 
by the S. A. E. and are given by number. The table regarding woods 


used is very comprehensive and gives about all the information that 
can be desired. - % 
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TasiE 16.—DrEsIGN VALUES FOR STEEL SHEET 
Thickness 0.020 to 0.180 inch! 
(Values in 1,000 pounds) | 


Naee ee ee eee cz TEEEEEGnA ATE DEN aan 


: : : Elonga- 
S fi- g 
ete Ene Tensile Bae Shear pea tion in 
cation Condition Seth point, t th strength oat 
(SAE) 8 tension ae (2) ee! 
per cent 
Se ee SS 
1,010 | Annealed 47 28 30 65 30 
Steel As rolled 50 32 35 75 25 
1,025 | Annealed 50 35 34 55 25 
Steel As rolled ‘ass 36 35 60 20 
1,095 | Annealed as 50 51 100 17 
Steel As rolled 100 90 75 150 10 
Annealed 80 439) 50 90 20 
2,330 | As rolled 100 70 80 115 15 
Steel Heat treated 125 110 100 125 16 
Heat treated 150 135) 125 150 13 
Annealed 70 55 50 100 18 
24,130 | As rolled 
Steel Heat treated 125 100 100 125 16 
Heat treated 150 125 125 150 1A 
6,140 | Annealed 95 65 70 120 18 
Steel As rolled 125 80 90 140 15 


1 For sheet of thickness greater than 0.180 inch use values given for bar stock received in 


annealed condition unless otherwise specified. 
2 For pin joints subject to reversible stress, design for 150 per cent of calculated load. 
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O.D. = 0.5 to 2.5 inches, wall thickness = 0.025 to 0.180 inch 
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TaBLE 17.—Dssign VALUES FOR STEEL TUBING 


(Values in 1,000 pounds) 


Elon- 
Yield Visca Tor- | gation 
Speci- Candituon Tensile | point | Shear ee = | sional | in 2 
fication strength |in ten- | strength a _strength | inches 
sion ) (2) in per 
cent 
1,010 | Annealed 
Steel | As drawn 
1,025 | Annealed 50 35 34 DOD Wegener nee 25 
Steel | As drawn 65 40 45 TOnSisee Reset. 20 
Annealed 85 60 62 OB gy) Yisesek se 20 
2,330 | As drawn 100 70 85 LUO Reece ee 15 
Steel | Heat treated 125 110 100 125 Sale en 15 
Heat treated 150 135 125 150 Joes eee. 12 
Annealed 70 55 50 1OOK fore sore 18 
4,130 | As drawn 95 60 60 1G nae ee 15 
Steel | Heat treated 125 100 100 LD Swall Eten cee 15 
Heat treated 150 125 125 LOO eee. oh: 10 
6,140 | Annealed 
Steel | As drawn 


1For pin joints subject to reversible stress, design for 150 per cent of calculated load. 
2 Calculate torsional values from diameter-thickness ratio. 
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TaBLe 18.—DerEsiGN VALUES FOR STEEL BaR 


Average for 1 inch diameter round stock 
(Values in 1,000 pounds) 
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Yield Y Elon- 
eal F : Shear | Bearing | Tor- s 
Speci- ae Tensile | point ; gation 
: Condition strength |strength| sional | °. 
fication strength | ten- (1) (1) t th| 2 2 
sion serene n | inches 
1,010 | Annealed 48 30 35 50 38 25 
Steel | As rolled 52 35 38 55 40 22 
1,025 | Annealed 50 35 35 55 38 25 
Steel | As rolled 55 36 38 60 40 20 
1,040 | Annealed 80 50 60 90 64 20 
Steel | As rolled 90 55 67 100 13 15 
Heat treated 
Annealed 85 60 64 95 68 20 
2,330 | As rolled 100 68 75 110 80 18 
Steel | Heat treated 125 110 100 125 100 16 
Heat treated 150 135 125 150 125) 13 
Annealed 90 65 67 100 72 20 
2,340 | As rolled 120 78 90 125 95 iW; 
Steel | Heat treated 125 110 100 125 100 15 
Heat treated 150 135 125 150 125 2 
Annealed 65 44 50 80 45 22 
4,130 | As rolled 80 56 60 95 55 16 
Steel | Heat treated 125 100 100 IDS 100 15 
Heat treated 150 125 125 150 1845) 10 
Annealed 90 60 67 100 65 20 
6,130 | As rolled 110 5) 82 120 80 17 
Heat treated 
Heat treated 


oh Le NS als ee ee a ere ee 


1 For pin joints subject to reversible stress, design for 150 per cent of calculated load. 


y 
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TasLe 19.—Drsicn VaLures ror NON-FERROUS SHEET 
Thickness 0.020 to 0.120 inches 
(Values in 1,000 pounds) 


Elon- 
Yield rate gation 
Specifica- Condition Tensile | point,| Shear |_ ced 7 in 2 
tion . strength) ten- |strength| ” (I) inches, 
sion per 
cent 
Compressed 
brass... 22. Soft 35 oe 40 
Spec. 47B2e...| As rolled 40 ai 20 
Naval brass... 
Spec. 46B6f...} As rolled 55 27 33 35 
Phosphor..... Medium 50 25 25 
BYOUZe wees. Tempered 85 
Copper....... Annealed 30 * 25 
Spec. 47C2c...| As rolled 35 20 18 
Aluminum... .} One-half hard 16 10 7 
Spec. 37-A....| Hard 22 D 
MeO ON cae Annealed 30 18 17 45 18 
1 Word Us ieceaaesn Tempered 55 30 27 60 
INIGUBYG DS, os on Annealed 24 18.5 oe ae 15 
Tempered 50 30 27 60 18 
Monel metal...) As rolled 60 20 705) 


For sheet of thickness greater than 0.180 inches, use values given for bar stock. 
For pin joints subject to reversible stress, design for 150 per cent of calculated load 
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TaBLE 20.—Dxrsiagn VALUES FOR Non-Ferrovs TUBING 
O.D. = 0.5 to 2.5 inches, wall thickness 0.025 to 0.180 inches 
(Values in 1,000 pounds) 
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Yield a aor a anes 
Tensile | point Shear Beane sional fon 
Specification Condition 3 strength in 2 
strength| ten- | strength strength | . 
‘ (1) inches 
sion (2) 
per cent 
Commercial brass | Annealed 35 24 30 
Spec. 44T15...... As drawn 40 30 20 
Naval brass...... Annealed 
Spec. 46B6f...... As drawn 55 22 32 
Phosphor... 6. 0. 
PST OUIZC <0 ee, due 
Copper..........| Annealed 30 30 
Spec. 35-B....... As drawn 35 25 
Aluminum....... Half hard 16 20 
Spec. 44Al....... Hard 22 5 
17 SO. Annealed 30 20 18 45 20 
Gielen en enh Tempered 55 30 27 65 6 


1For pin joints subject to reversible stress, design for 150 per cent of calculated load. 
2 Calculate torsional values from diameter-thickness ratio. 
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TaBLE 21.—DrEsIGN 
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VALUES FOR NON-FERROUS 
SECTIONS 


(Values in 1,000 pounds) 


a  ———$—————— 


Bar 


AND EXTRUDED 


=) | Bearing 
: 3 ve Tensile miele Shear | strength oes es 
Specification Condition ee point in eath (1) sional | tion in 
an tension | * @ strength | 2 inches 
Commercial | Annealed 
rAssrmkccs As rolled 50 15 
Naval brass...| Annealed 
As rolled 60 20 
Phosphor 
bronze..... As rolled 65 45 | 18 
Aluminum....| Half hard 20 35 5 
Hard 
17 SO Bar....| Annealed 
17 ST Bar....| Tempered 50 25 30 65 10 
17 SO Ext....| Annealed 
17 ST Ext....|Tempered 50 25 30 65 | 16 
| 


I 


1 For pin joints subject to reversible stress, design for 150 per cent of calculated load. 


® 
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TABLE 22.—DersiGN VALUES FOR CASTINGS 
(Values in 1,000 pounds) 


461 


4 WN tv 1 1 
e| A a 8 
F a golse ei le 
a a « on o oe fl, 3 a 3 mo » 
‘S Eo e B $ qa. 2} 4 6 BES - & 
3 aot lece g Haat SSRN Bo ie shs| gs 
$ eS a8 | -2 wm | 8 ei oe 3 wo] a2 
Rel P| S rr q So 5 re SS soe, ae 
as) Bp {Mase 3 & aad | 4e2| gf) ee4) 83 
A it OS aS e | 82) 8 2) 88) 234) bs 
B Boe ele = ae WO oes == nan Ue le Sea Pe eae 
Aluminum spec. 30} 18 30 15 1,300 0.125 
195 heat treated...| 25 40 5 1,300 0.156 
Yellow brass...... 25 38 18 1,700 0.210 
Gunmetal spec. 
AGBIMIGG ie cae ot 40 20 
Manganese bronze 
spec. 49B3b.....| 65 20 
Cast iron spec. 
AON Dae decir Fes, 20 SO eee 2,500 OM125 
Malleable iron 
spec. 4618...... 50 TO Scie! UN ede canara nee 0.250 
Manganese steel | For excessive wear; cannot be 
; 2,400 
cast. machined. 


: For pin joints subject to reversible stress, design for 150 per cent of calculated load. 
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OTHER SPECIAL SHAPES 


The structural shapes shown herewith (Figs. 2 to 7) have been devel- 
oped by Paul G. Zimmerman and B. Y. Korvin-Kroukovsky especially 


Shape and Dimensions 


R24 Neutral axis 


wae “Rivets spaced” or 
)  g rivets spaced 4" 


A=Q25 5q.ir. 
1=0057in# 
Z= 0066 ins 
K=046 in. 


W,=Q26 
W2-028 


- Neutral axis 
6 Rivets spaced d "or 
‘rivets Spaced 1” 


A =0330 sq. in. 
1=Q083 in4 


No168.65.ga.(005!") or 
Nol4 BES.ga (0064") 


Be p Neutral AXIS 


§ Rivets spaced / “or 
rivets spaced Iq." 


= Area P 
= Mament of inertia 
: Section modulus. 

> Radius of gyration 


W, = Weight without watertight 
packing strips, in leper foot run. 

W,= Weight with watertight packing 
strips. 1n/b per toot run. 


A 
! 
2 
K 


Fra. 2.—Dimensions of shallow channels. Aeromarine standards. Properties 
of structural shapes. 


for use in airplanes and flying boats. The material, a product of the 
Aluminum Company of America, is what is known as 175 alloy, an 
aluminum-copper alloy which may be compared with duralumin. 
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The sheets vary in thickness as shown and the rivets used are also 
given. Table 24 for shear and bearing values of duralumin or similar 
rivets has been revised to agree with those recommended by the Depart- 


e EE race 


A 


AO? =~ 


_ Neutral axis 


i 


ppabse 
~~ -Na Tb B65 ga (0040's 


sey “Rivets spaced or \ 
“rivets spaced |” 


; 
: 
‘ 


- Neutral axis 


No /6 B6S.ga.(0051") or 
oe me ldB6Soa(a069* 


1 Rivets spaced’ I’ ‘or 
“rivets spaced If” 


A= Area , me W, = Weight without watertight 

1 = Moment of inertia ing strips, lb.per foot run 
Z+ Section modulus W2=Weigh? with watertight 

K= Rodis ofgyration: packing strips, ih /b.per foot run 


Fia. 3.—Dimensions of deeper channels. Aeromarine standards. 


Properties 
of structural shapes. 


ment of Commerce in Bulletin 14. The same is true of Table 25 of 


riveted joints. In most cases the edges of the channels are flanged to 
present a flat base, as in Figs. 2, 3, and 4. For some work, however 


? 
the sides of the channels are straight and the bases are formed by other 


be 
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flat-bottomed channels which fit inside the first, as in Fig. 5. In Fig. 6 
the corner braces are shown in both elevation and section. 

The proportions of the riveted joints of duralumin plates are given in 
Table 25. This table gives the proper rivet for the thickness of plate 


Shape and Dimensions 


A- 9,10, 11 and l2 A-13, 14, 15 and l6 


al {eae le — 
i tntoesy Gicen eens 


8 Rivets Spaced f, 


" 
Ri er 
é rivets spaced Z 


Table of Properties 


T= Thickness Structural Properties 
No. [B4&.ga. [Inches [Ain® | Tine] Zin? | 


[ Kin. _| 
Pao [18 | 0040 | 025 | 0040 | 0050 | 042 
PA-10 | 20 | 0032 | 018 | 0031 | 0040 | 042 | 
RASN2a| 


2 
2 . 
2 0.032 0023 | 0033 
iim ws 0.026 
PA-16 [24 [0020 | 010 | 0015 | 0021 


0.025 0.025 | 0.032 
A- 0.020 | 0.1) 0020 | 0025 | 042 
8 

A- 0 


The part of base plate equa! to overal/ width of 
section is included in al! proper ties of sectior, 
except weight per foot rurr. 


/f watertight packing strip ks used under flanges 
oad 002 pounds to werght per foot rur. 


A= Area Z = Section modulus 
I = Moment of inertia K = Radius of gyration 


Fria. 4.—Dimensions of special channel. Aeromarine standards. Properties of 
structural shapes. , 


used, the spacing of the rivets and the sizes of the flanges and joints. 

In Table 25 the properties of the rivets themselves are shown. 
The weight distribution diagrams, Figs. 7 and 8, are of interest. 

These charts divide the weight into four general divisions as shown by 
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the segments of the outer circle. Inside are the items which go to 
make up each division. The weights are very carefully calculated and 


ne 
ne gs; 
rivets at rerrminals. 


No 18 BES. ga (0040') 


“rivets at terminals. 


x 
se. bh Rivets spaced 3” 


Na 16 BES. ga (0051") 
x 

Se Rivets spaced /% 
Poe ER rivets at terminals. 


é-"Nol4 B.6S.ga (2064) 


x Wms “ 
. we Rivets spoced 14 


| = Moment of inertia 
*12Z=Section modulus 
K= Radius of gyration 


Fig. 5.—Dimensions of double channel struts. Aeromarine standards. 


erties of structural shapes. 


the charts show the weight distribution in considerable detail. 


is for the mail plane and the other for the flying boat. 


Shape and Dimensions 
Bical fs 


K =050in. 
a 0054 int 
K 

Ww 


=Q2060ins 
= QS2 in. 
7029 


4A =Q25sq.in 
Ix + Q062 in¢ 
Z =Q/00in3 
K =250 in. 


Iy=0060 in4 
Q077 ins 


A -03/sqin 
Ix = 0077 in4 
Z =Ql2inF 
K =049in 


Iy=0093 ins 
Z =0/0 ins 
K =054 in 
W =048 


A =040 sq.in 
Ix = 0096 in 
Z =0/5inF 

K =049 in. 


Ly: Q/2 iné 
A : 


Prop- 


One 


The structural shapes, (Fig. 9 to 11) are a later development, and 
have been found very useful in floats, pontoons, and other constructions. 


y 
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The extruded angle bulb is low in cost and requires only one row of 
rivets for the attachment of covering. It also avoids the use of “blind” 
riveting as with the U-sections, and being small in size it can be made in 


Shape and Dimensions Properties 


for Use with 


Section 


Weight 


fi LM ; 
8 Ovralymin 0.09 Ib 
rivets ia 


For use with 
Section 
A-2 


Weight 


0.13 1b 
Ovralumin 


LM 
>8 Duralumin 
rivets Section A-A 


For use with 


“Sections 


Weight 


ihe 
a Ouralumin ’ ; 
rivets Ouralumin 0.13 1b. 


Section A-A 


ia. 6.—Dimensions of corner braces. Properties of structural shapes. 


thicker sections without materially increasing the weight. The heavier 
section, combined with bulb on the free edge, makes it stand well in 
service. Its shape and thickness resists buckling and it can be bent 
to almost any, shape desired in manufacturing. In Edo floats, for 
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example, the G-4 section (Fig. 9), is bent so that one length extends 
from chine to chine with two bends at the joint of the sides to the deck. 

Another interesting detail of Edo construction is the gusset plate 
(Fig. 12). This is blanked in a die and can be made to very close 


Coverings 
Frames 
Longitudinals 
Miscellaneous 


Total Weight, 100°%/o 


Calculated from drawing number 17,813 


Fic. 7.—Weight distribution of mail plane. 


tolerances. It is used for the joint when two G-4 sections (ig. 10), 
such as the frame and the stringer intersect. The gusset plate is 
slipped on the bulb angle of the frame, which is continuous, and riveted 
to the stringer which is cut to pass the frame member. 
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The bulb-angle section was developed for the definite purpose of 
being used in plate girder construction, where the angle is always 
riveted to the plate and where the large moment of inertia is required 
in one direction only. The Edo Aircraft Corporation uses them for 


Covering 
Frames 
Longitudinals 
Miscellaneous 


Total Weight 100% 


Misce//aneous eget includes all seats, floors, fittings,erc 
mregral with hu/i 


Fic. 8.—Weight distribution of flying boat. - 


frames, stringers, and keelsons of floats or pontoons, and have also used 
them in combination with web plates and cover plates in the construction 
of wing beams. Figure 13 shows the use of these bulb sections in a rear 
wing beam for a flying boat built by this firm. These are practical 
construction designs that are in actual use. 
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5460 Weight 
Calculation. 13 les /tt 


EDO BULB ANGLE 
chape G4 
178 Alloy. 


~ 
S 


16 

1 ee ik Spee 

ie 

Area of cross section-0.104 /n.2 
‘9 Weight per toot run- 0.130 /bs. 
8 e2F. 

1 
ie Te 


Twice’ Actual Size 
Fie. 9.—Bulb angle; shape G-4. 


Weight 
Caleulatior.200 Sty 
KS 
ay «\ x 
Se A 
Se BULB ANGLE 
AN ant Shape 6S 


= 
x 
ROY 
g 


1 

i 

! 

1 

me 

RX 

> 

end 

ee 

a, 70247 | 0039 
it 0.0403 | 0.008/ 
eS 038 | 0155 
+ Area of cross section - 0/62in' 
Le ght per foot run = 0200Ibs. 
a4 


Twice Actua} Size 
Fig. 10.—Bulb angle; shape G-5. 
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TABLE 24.—TABLE OF SHEAR AND BEARING VALUES FOR DURALUMIN RIVETS 


8 2 Bearing values for various thicknesses for sheets in brown and sharp gage- 
ca g pounds 
is) S = 
8 a | No. | No. | No. | No. | No. | No. | No. | No. | No. | No. | No. | No. 
8 =| 6 8 10 12 14 16 18 20 22 24 26 28 
= Fs 0.162/0.128/0.102/0.081/0.064/0.051/0.040/0.032/0.025)0.020'0.016/0.0126 
Vg O22 a | Eeteraee |e tareeens | racmegensl|cleces ore 300} 239 | 187 | 150 | 117 94 74 59 
340 DOT el catherine Ni Sceee= 468} 450) 358 | 281 | 225 | 176 4 140 | 112 88 
% SOS eer ayn a 955| 758] .600| 478 | 375 | 287 | 235 | 187 | 149 | 118 
542 575 |1,895|/1,495]/1,190) 947] 748) 597 | 468 | 359 | 292 | 236 
316 828 |2,280/1,800}1,435)1,137| 900) 717 | 562 
yy 1,470 |3,040)2,400)1,910)1,516]1, 200} 955 
546 | 2,300 |3,800/3,000)2,390)1,895/1, 500 
3g | 3,440 |4, 560/38, 590|/2,870/2,275 
44 | 5,880 |6,060 


Based on shear strength of 30,000 pounds per square inch. 
Bearing strength of 75,000 pounds per square inch. 
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Fig. 11.—Bulb angle; shape G-6. 
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Fic. 13.—Rear wing spar. 
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ALUMINUM-ALLOY CASTINGS 


The Bohn Aluminurn and Brass Corporation give the following data 
as to the properties of Bohnalite when cast under different conditions 
and for different uses: 


Pistons for automobile, truck, bus, and aircraft engines: 
Bohnalite ‘J’? permanent molded 


Tensile strength, pounds per square inch........... 35,000 to 50,000 
Elongation, per cent in 2inches.................. 0.5 
Elastic limit, pounds per square inch.............. 25,000 to 30,000 
Brinell hardness number................. a Sena 125 to 160 
SDCCIICEE TAIL Yer rene yee ee ab oe meee yee: 2.90 
Weight per cubic inch, pounds. . a. 0.105 
Coefficient thermal expansions, per ices Conner aie 0.000025 
Coefficient thermal conductivity, ¢.g.s. units....... 0.38 
Solidification range, degrees Fahrenheit............ 1,160 to 1,020 


Aircraft castings: 
Bohnalite ‘‘B”’ sand cast 


Tensile strength, pounds per square inches ease 28,000 to 45,000 
Elongation, per cent in 2 inches.................. 1.10 
Elastic limit, pounds per square inch.............. 18,000 to 27,000 
Brinelishardness mumble eee crn sci pret icrke tiene 60.90 
Spechicretavdt vac omee erp omen wee oneal 2.78 
Weight per cubic inch, pounds. . 0.101 
Coefficient thermal expansions, per Alera Covaer ade 0.000024 
Coefficient thermal conductivity, ¢.g.s. units. ...... 0.32 
Solidification range, degrees Fahrenheit............ 1,190 to 1,020 


PLYWOOD CONSTRUCTION IN AIRPLANES 


While nearly all airplane builders in this country now use metal in 
fuselage construction, plywood still plays a large part in other portions 
of the plane structure. Many use plywood in building up wing beams 
and in forming the leading edge of the wings, where it lends itself to 
_ maintaining the desired form and makes a good backing for the cloth 
covering. It is also used in rib construction, in fuselage covering, and 
in other places. 


v 
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TABLE 25,—PRoporTIONS OF RIVETED JOINTS OF DuRALUMIN PLATES 


Thickness of : Rivet Location of Sizes of flanges 
plate-t Rivet spacing rivets and joints 
Pee ee 
BUSS Minghed wR, Ps loan | ‘ed oe Re nee 
6 162) 3-0 | 2-0 )-5g | 56 | Fial-the)| Me | 25 
8 128 | 38 2-34| I-14) fe | 26 | 1-0 [1-4 | Fe 2 
10 102) Dae. WT fei o4l 26 | ig |e 7 LO Pre eee 
12 081) % 1-44| 1-0 | He 36 | % 1K 342 | 1-% 
14 O64 Pies Inka ral oan ee eel 26 Te yg || te 
16 O51] 543 |-O) 5g | | He | 6 IMe | Aw 
18 (040 1. 4 4 | % | Be | %e2 | %e | % See i 1-%6 
20 -0382 | 342 | 3% | 36 | He | M | % | Ke | Ke | 1-0 
22 025 | 342 | 3% | 3 | 36 | 4 | % | Ke | Ke | 1-0 
24 020 | 342 | 3 | 3% | He | | % | Ko | Ko | 10 


Supplementary notes: 

(a) When two plates to be riveted differ in gage by one place in the table, 
proportion join to lighter plate. 

(6) When two or more plates to be riveted differ in gage by more than 
one place in the table, proportion joint to mean gage, taking nearest lighter 
gage in case of odd number. 

(c) Rivet spacing to be governed by rivet diameter, rather than by gage 
of plate. 

(d) In joints of minor importance rivet spacing P; may be doubled. 
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TaBLe 26.—TrENSILE Trsts oF THREE-PLY AIRPLANE HASKELITE 


(Strengths are given in pounds per inch width) 


| Angle be- ae three | Soaked in aaeed 
tween face| Normal] °°" Bee IN es in 

Faces Core | grain and | condi- vent pale machine 

ese istlon Nenu Ariae! | oes | foil a0 
tension ryi Tasdaye; 
wet | drying days 
| degrees wet 

e ai 0 2,175 |1,512) 2,090 2,037 2,586 
ena ore 2216 1,184 | 535 883 436 1,051 
peers Ee 12 45 572 248 500 256 499 
Bee eo ic 6714 458 | 305] 429 407 473 
90 636) 202 587 510 396 
= Re 0 1,923 |1,318) 1,741 15251 11, 70583 
ce 2 5 2216 648 406 579 383 640 
Set re 45 O23 174 488 321 436 
yo So Ay 67146 489 | 237| 417 278 538 
90 1,044 | 700 902 923 1,158 
2 eS 0 1,204 867} 1,124 1,168 1,581 
one 28 2216 572 32M 538 423 724 
ae ae g 45 464 227 430 272 461 
Sa Ms 6714 435 | 239| 549 340 639 
= | 90 697 | 364, 594 447 801 
= * 0 1,324 887 975 953 1,496 
2 s 5 2246 577 276 535 344 669 
Raa es a 45 476 176 421 229 482 
\e WA 67144 573 268 586 376 618 
90 910 508 807 705 855 


2 ee ee ee ee 


Two builders, one of them very well known, is also using plywood in 
building the fuselage. One, Lockheed, depending on the plywood for 
his fuselage strength, as can be seen by noting the monococque construc- 
tion on page 411, and the other, by using plywood as an auxiliary strength- 
ening member, adding its strength to that of a wooden trussed framework 
underneath; the method being illustrated on page 410. 

Details of the method of building up wing beams from plywood are 
shown in Fig. 14. The upper and lower members are usually of spruce 
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TaBLE 27.—TENSILE STRENGTH OF SCARF JOINTS 


Scarfs across face grain (as at A). Specimens 2’ 
wide and 40” long of 14’’—3 Ply Haskelite gum faces 
fir core longitudinal face grain, each having 4 scarfs 
5” long bevelled by hand, glued with yellow albumen 
glue; all were cut from a single scarfed panel and tested 
in tension; some specimens twice. 

Of thirty tests, 23 failures were at scarf joints, and 7 
not at such joints. Their strength in pounds per inch 
width was as follows. 


St th 
Number and location of oe 
eur Max. | Min. | Mean 
D3tateSCarenOMmtsace: a hrocn all eDoU 4 000 | 1,300 
DOA tS CALLOUS ea eee 1,580 Pt 180 | 1,380 


The average thickness of these specimens was 0.262”, 
max. 0.277’, and minimum 0.250”. 

Scarfs across core grain (as at B). Specimens were 
just like the above except that the core grain was longi- 
tudinal and was cut by the four scarfs of each specimen. 
Their strength in pounds per inch width was: 


St th 

Number and location of pais 
eonltires Max. | Min. | Mean 
LORS Ge SCark TOM emnin oar OOO 720 1,000 
12 not at scarf jomts......... 1,380 720 1,060 


The average thickness of these specimens was 0.262”, 
maximum 0.278” and minimum 0.243”. 

Scarfs on 546’ Haskelite are of ample strength when 
the width of pede is 3” instead of 5’. Commercial 
scarfs are not made across the core grain because of the 
difficulty of holding the sharp edge parallel to the face 
grain in the process of scarfing. 


p44 2= 2. LARLLLELULLETEEERLLLLLLRRLERRLLERELLLRLLRRREL 
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TABLE 28.—Screw Houpine Srrenearu or Woops 


< Tensile strength of two screws 
£ | (common, steel, flat head, 1 inch 
Species, grade used in lumber} % |—No. 8, in holes made with 
5 cores § No. 36 twist drill) — pounds 
= SI 
£ 5 Max. Min. Mean 
Chestnutimassecce oct me a 6 460 270 400 
Basswood wet ee ae 8 670 380 550 
SMIPEODIAT AMER Ine oF atere moet 6 820 570 720 
& | Gum 6 | 1,060 950 | 1,010 
(alkene niet Mea teat a 2. oe yete a 6 1,700 1,400 1,560 
1 05 810) Can 9 ten REY ae er 4 1,860 1,640 1,790 
C@hestriutirewas sel he. G6 830 330 480 
Bass WOCCeren mtn he, eae ties 8 850 500 670 
SOME OD AE ain Re oe ede 6 1,170 850 1,020 
& | Gum Go a tel40 970 | 1,030 
Ohare ra sn ae ee de | 4 1,910 1,540 1,710 
Nap ler alte orn cy ihrer ot 4 1,940 1,670 1,820 
Chestnwtteet si evecwra ee creel nO 370 140 250 
IBESSWVOO CMe: sean tide aE 8 340 160 270 
ne IR OP ana ce eee gas ee: pia tithe v 6 620 340 440 
& | Gum. 6 570 300 480 
acne hae Meee ere treat eter oa, 6 870 530 680 
IManlevaran Somos tk es 4 1,250 810 1,030 
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while the sides are of plywood, mahogany being considered best for the 
plywood in most cases. The strength of the beam can be varied at 
different points by varying the number of plies 
in the sides. Makers of plywood also supply it 
with hard aluminum sheet securely cemented to’ 
one face when desired. 

Several characteristics of the plywood known as 
“Haskelite,’ are shown in Table 26. This shows 
the kind of wood used, the angle of the different 
plies, the strength in normal condition, and when 
subjected to water and oil for various tests. Table 
27 shows the strength of scarfed joints and under 
different conditions. Table 28 gives a number of 
tests as to the holding power of screws in plywood 
Aluminum* and should be useful when considering the use of 


Fia. 14.—Wing this material for any purpose. 
beam of plywood. 


BALSA WOOD IN AIRCRAFT* 


Balsa wood grows in the West Indies and in Central and South 
America. The trees grow at a very rapid rate, records showing that 
they attain their height in 1 year, which is approximately 36 feet, and 
that for the first 5 years there is an annual growth in diameter of 5 
inches, resulting in a tree at the end of the fifth year of 36 feet height 
and 25 inches diameter. 

The tree in appearance resembles the North American cottonwood, 
the bark being fairly smooth, but the wood looks quite like pine. The 
leaves are very large on a young plant, often 2 and 3 feet across, growing 
smaller as the tree grows older. The wood is made up of very thin 
barrel-shaped cells filled with air which are sealed by nature, giving it 
an extremely spongy texture. Two interesting and important properties 
are its flexibility and elasticity. The strength of the wood is derived 
from the cellular structure, as there is almost no lignification in the tis- 
sues, but the wood is practically cellulose. Approximately 92 per cent 
of the volume of the wood consists of these air-filled cells and the 
remainder, 8 per cent, of woody substance. 


1 By G. L. Weeks, Jr., New York, N. Y. 
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Ali balsa wood used in airplane construction should be kiln-dried. 
This method is necessary, as air-drying is a very slow process, requiring 
about three months to remove the unnecessary moisture from the mate- 
rial and leave the 8 to 12 per cent water content which is desired for 
practical purposes. Kiln drying on the other hand obtains the same 
result in a more efficient and satisfactory manner in the much shorter 
time of ten days to 2 weeks. 

For some purposes, such as insulation and waterproofing, balsa wood 
can be and is very easily impregnated with paraffin. This is done to 
seal the air cells. Impregnation is the most efficient method of treating 
the wood and achieving the desired result, but it also may be coated 
with paraffin, as this process also does the work. 

Comparison with Other Woods.—Balsa is interesting because of its 
extremely light weight. In fact, so far as known, there is but one other 
wood, the pond-apple (Anona), that weighs less, but this is of little 
value to the commercial world. In commercial use, balsa is the lightest 
wood, as the following comparison will show: 

Balsa, 7.3 pound per cubic foot; cork, 13.7; Missouri corkwood, 18.1; 
white pine, 23.7; spruce, 25.5; poplar, 27.4; cypress, 28; maple, 43; 
mahogany, 45; white oak, 46.8; lignum vite, 71; ebony, 73.6. 

Tests have shown that even though balsa is very light in weight, 
its strength is about one-half of that of spruce. Therefore balsa may 
be used in certain places where strength is not the all-important factor 
but where lightness is. A comparison with spruce is given in the 
table in the adjoining column. 

The specific gravity of balsa when free from moisture is from 0.11 to 
0.12. 

Use of Balsa Wood in Airplanes.—The use of balsa wood in the con- 
struction of airplanes is beyond the experimental stage. The many 
severe tests, such as Colonel Lindbergh’s New York-to-Paris flight, 
Chamberlin’s New York-to-Germany flight, and many other exploits, 
as well as Army, Navy, and air-route machines, have proved beyond a 
doubt that balsa wood is used as efficiently as spruce or other woods 
where it is an important part of the machine and lightness as well as 
an average amount of strength is required. 

Balsa wood is used in all types of airplanes, in such parts as the 
outboard struts, fillets, fuselage for stream lining, wing ribs, wing tips, 
strut fairings, and shaping fuselage. 
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Spruce: 
red, white, | Balsa 
and Sitka 
Strength in bending—modulus of rupture, pounds 
Per AQUA INCH, og. 2 0-66 wee ce meteor ne 3,850-5 ,820 | 2,357 
Maximum crushing strength i in compression—parallel 
to grain, pounds per square inch................ 1, 800-2 ,920 | 2,317 
Fiber stress at elastic limit—strength in compression | 
perpendicular to grain, pounds per square inch... | 279-368 202 
Stiffness, modulus of elasticity in bending, thousands 
of pounds per square inch............ ; 798-1 , 215 510 
Shearing strength parallel to grain, Ppaande ie square 
Crate The ncge eats Se ie er Reet cares One Tatyana homme 569-777 351 


Characteristics of Balsa.—Where steel tubing is used on landing gear, 
balsa is used successfully. It is machined easily, thus a material 
saving in spruce is obtained. By using balsa as fairing, the saving in 
spruce is equivalent to the amount required to make three-wing spars. 
It is therefore worthy of consideration by the designers and engineers 
when constructing new types of airplanes to give serious thought to 
balsa wood. 

Balsa wood veneer may also be considered. Wing braces so con- 
structed and cut as to form a lattice web are now used in planes. 
Floor boards of balsa veneered with thin layers of composition 
material are also used in the construction of present-day planes. In 
the wing-rib construction of the Bellanca planes balsa wood is used 
as a filler. On the wing tips a strip of balsa is fixed to give the 
wing a rounded tip. 

On the landing gear, the ‘‘pants part” is all balsa fairing around 
the metal construction in a graceful stream-lined fashion. In the 
fuselage where steel tubing is the main structure, balsa wood is faired 
and taped to the cross-members to give shape and stream line. The 
best method of treating balsa wood for fairing and other exposed parts 
is taping and then using about five coats of dope. A saving of from 
20 to 50 pound per plane is worth considering. 


\ 
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TESTING GLUES AND GLUED JOINTS 


A recommended method of testing glued joints is to make test pieces 
34 inch thick, 2 inches wide and 134 inches long and glue them together 
with the ends projecting 14 inch leaving 114 inches in contact. The 
joint should be held under pressure for 15 hours and allowed to stand 
for 6 days before testing in order to secure the best results. Such a 
joint should stand a minimum pull of 2,000 pounds and should average 
about 2,400 pounds. With good glue the wood should fail rather than 
the glue in the joint. This refers to blood albumen glue, made from 
animal blood and chemicals. The glue pots should be kept clean and 
no old glue allowed to accumulate. 

The usual pressure for the joint should be from 200 to 400 pounds. 


SOFT SOLDERS AND THEIR APPLICATION! 


Soldering is the process of joining two metals by the application of a 
molten alloy. It differs from welding in that the base metals are not fused 
in the process, and it differs from brazing in the nature of the alloys used 
to make the joint. Soft solders of the tin-lead alloys are in reality metallic 
cements possessing the property of adhering only to metals with which 
they are capable of alloying. The solder penetrates into the base metal, 
and when force is used to separate the two soldered surfaces the break will 
occur in the solder between the surfaces. The thicker the layer of solder, 
the easier it will break. Closely fitted surfaces, with a minimum of solder, 
are therefore essential for the best soldered joints. 

The simplest form of solder is a mixture of tin and lead. Tin is not 
employed alone as it is expensive, and requires more skill in handling. It 
flows easily, and spreads beyond the surfaces to be soldered. Lead, on the 
other hand, is difficult to work, does not flow easily, and will not hold to the 
base metals. The common commercial solders called ‘‘half and half” do 
not always contain half proportions of each metal, and when too much lead 
is used to make a cheap solder, or when zinc and antimony is present, great 
difficulty is likely to be experienced in making satisfactory soldered joints. 

Pure lead has a melting point of 619° F., and pure tin melts at 450° F. 
Mixing two metals into an alloy, however, lowers the melting point, and it is 
possible by making the right proportions of each alloying metal to reach the 
“eutectic” alloy whose melting point is the lowest possible. This tin-lead 
alloy is found to have a combination of 68 per cent of tin and 32 per cent of 
lead, and has a melting point of 356° F. By alloying other metals in turn 


1 American Machinist, Feb. 3, 1927. 
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with the tin-lead alloy it is possible to lower the melting point still further. 
Bismuth and cadmium, with melting points of 507 and 608° F. respectively, 
are used for this purpose. Very low melting solders are made up of alloys 
of tin, lead, bismuth, and cadmium, which are used for soldering on soft 
metals. An alloy has been made with a melting point of 158° F., and will 
melt readily in hot water. This type of solder is used in connection with 
automatic sprinkling systems. 

Solder should be chosen to suit the nature of the base metals and of the 
conditions of the work. A solder containing 85 per cent of tin and 15 per 
cent of lead, melts at 406° F., is free flowing, and is used for general soldering 
in electrical work. Another solder in general use contains 42 per cent of tin, 
and 58 per cent of lead. The melting point of this alloy, however, is 458° F., 
and it flows and sticks with somewhat more difficulty. Solder should always 
have a lower melting point than that of the base metal. 

Solder is furnished commercially in various forms, the most common of 
which are wire, bars, ribbon, and ingots. It is also made up as hollow wire 
and filled with an acid or rosin flux. Having determined the best types and 
grades of solder for the work of the shop, it is important to see that this 
material is furnished regularly for the jobs. Solder for shop use should not 
be bought indiscriminately from local commercial stocks without full assur- 
ance of its content. 

Cheap solders, or home-made solders made up in the shop without 
chemical analysis, are liable to contain impurities that make them unsuitable 
for use. Any trace of zine in solder makes it almost worthless. It makes 
the solder sluggish, and the molten alloy runs in irregular waves and lumps. 
Antimony makes solder bright in color, but when much of this metal is 
present the solder is sluggish and brittle. Copper, aluminum, iron, and 
sulphur are also detrimental to all soft solders. Money saved through 
buying cheap solders is usually lost by the increased cost of the actual work 
of soldering the parts. 

Fluxes are necessary for all soldering work, since a thin film of oxide is 
formed on the metals by the heat, and a flux is required to prevent or dissolve 
this oxide. The most common flux is a solution of zine chloride, made by 
dissolving metallic zinc in muriatic acid. But where the acid flux is undesir- 
able as for some electrical parts, common rosin, or rosin and alcohol, is 
sometimes used. For the latter 14 pound of rosin is dissolved in about a 
quart of alcohol. 

To obtain good soldered connections, the surfaces to be soldered must be 
cleaned thoroughly, and the iron must be kept hot enough to heat the 
surfaces and make the solder flow freely. A small soldering iron loses its 
heat too rapidly, and should not be used except where spice will not permit 
the use of a large iron. ‘ 
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CHARACTERISTICS OF SILVER SOLDERS! 


Silver solders are high-melting-point. brazing solders employed for impor- 
tant joints where strength and resistance to high temperatures and corrosion 
areimportant. They are more expensive than common solders and ordinary 
brazing metals, but are widely used because of their high strength. Typical 
uses are for joining gasoline and oil lines on airplanes where heavy vibration 
is encountered, and for the gas piping on electric refrigerators where the 
prevention of leaks is of utmost importance. Joints made with good silver 
solders are often stronger than the original metal of the parts. 

The range of melting points for silver solders is from 1300 to 1600° F. The 
melting point of pure silver is 1761° F., but this is lowered by the addition 
of copper, zinc, and sometimes cadmium. The solders contain a high 
percentage of copper, which may be considered as the base metal of the 
solder since the melting point is higher than that of silver. In general, 
the solders containing high percentages of silver flow at the lower tempera- 
tures, though this is not always true as the low melting point may be obtained 
by larger additions of zinc and cadmium. Silver solders may be considered 
brasses with the addition of silver as a hardener and toughener, but this 
designation is not exact because in some cases the silver content may be 
very high, even reaching to as high as 80 per cent. Some solders may have 
only copper and silver, while others may contain the four metals. 

Grades by Melting Point.—Silver solders may usually be obtained in 
grades according to the melting point, the latter varying in steps of 25° F. 
The lower melting point solders are generally silvery-white in color, gradu- 
ally changing to brass yellow in the grades having the higher melting points. 
The range of melting point should be selected according to the metal for 
which it is intended to solder, but since the melting point is not a secure 
guaranty of quality the recommendations of the maker should also be 
considered. It is often important, also, that the color of the solder match 
the color of the parts, especially if the latter are made of nickel, Monel 
metal, or bronze. 

A fine quality of “easy flowing”’ solder, rich in silver, and having a melting 
point from 1325 to about 1450° F., is employed extensively for soldering 
copper, nickel, and Monel metal tanks, gas lines, radio parts, and airplane 
fuel and oil pipes. For brass work where the color is to be matched, and 
where a lower-cost solder is desired, higher melting point solders of yellow 
color are used. For soldering iron and steel a temperature of about 1550° F. 
is required to make a good bond. 


1 For the data given we are largely indebted to Hanpy and Harman, 
American Machinist, Feb. 28, 1929. 
A 
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The blow torch is always used for silver soldering, since the melting points 
are too high for ordinary soldering methods. The parts to be soldered 
should first be heated at and near the joint, the latter being brought quickly 
to the desired temperature (cherry red to bright red) when the parts are hot. 
The silver solder is then melted under the flame and caused to flow along the 
joint. The surfaces to be soldered must be clean and smooth. The joints 
should fit closely, and be held together firmly while being soldered. Borax 
is used as a flux, either-powdered or mixed with water or alcohol. Both the 
joint and the solder should be covered with the flux to protect the metal 
against oxidation. 

Temperatures Employed.—Care should be used not to overheat the work. 
The principal metals which are silver soldered begin to melt at tempera- 
tures, degrees Fahrenheit, approximately as follows: 


Sheeley wer cc eae hcee Ae tee 2500 Bronze (90-10).............. 1830 
Monelenietalem organs eae BASU OO Wa LAGS aes sree eee 1740 
(COD DEL ree ee ated rae metea TOSOMD cheb Tacs er cc a ane ee 1630 
IN Ck elusil verse atcanarn sees 1950 kixtrudedsbrass—5 eee ee 1580 


The parts should never approach these temperatures, as prolonged heating 
at high temperatures tends to give a coarse grain and poor structure to the 
work. For example, Monel metal should not be heated above 1450° F., 
although it melts at a much higher temperature. 

Silver solder is usually marketed by the Troy ounce in the form of sheet, 
strip, wire, or filed. The sheet comes in rolls, and the strip in short lengths 
of varying widths. The usual thickness of sheet and strip is about 0.032 
inch. Filings, or powdered solder, is sold in cans of varying screen sizes. 

A good quality of silver solder produces a joint that is malleable and 
ductile, capable of withstanding vibration. Resistance to corrosion is a 
characteristic of all silver solders, which makes them valuable for airplane 
work, tanks, and dairy and food-products machinery. Silver solders also 
have the characteristic of uniformity of flow, whereas ordinary brazing 
metals are apt to show pittings. A silver-soldered joint is therefore con- 
sidered more reliable and secure against leakage for tank and pipe work. 
The electric conductivity of these solders is generally higher than that 
of copper, which makes them valuable for making joints on radio and other 
electrical parts. 


RUST-PROOFING PROCESSES! 
Udylite—Udylite is a rust-proofing process named after its inventor, 
Martin J. Udylite. The process consists in coating the surface to be treated 


1 For the information given we are indebted to the Udylite Process Co., 
and the Grasselli Chemical Co., American Machinist, June 2 OD 
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with cadmium in such a way that the coating is alloyed with the base 
metal. Udylite coatings are claimed not to chip, check, or crack. 

Udyliting is essentially a class of electro-plating, supplemented by a 
baking process. Iron or steel articles are given a coating varying in thick- 
ness from 0.0001 to 0.001 inch. It can also be applied to other metals. 
The time required for plating is from 1 to 10 minutes. The article is then 
baked for a period of from 2 to 3 hours at a temperature of from 300 to 
400° F. The baking process is intended to cause the cadmium to penetrate 
the steel and form an alloy case. Articles coated by the Udylite process 
have a thin skin of cadmium base-metal alloy, and an external skin of pure 
cadmium. On bending a sheet of steel that has been Udylited there should 
be no indication of cracking in the surface. Udylited articles are buffed 
with a soft, unstitched wheel. The color is a flat-white, but when polished 
is very nearly like that of silver. Other metals may be plated over the 
Udylite coating if desired, and nickel over Udylite is claimed to stand up ten 
times longer than if deposited alone or over copper plate. 

The principal equipment for the Udylite process consists of asphaltum- 
lined tanks fitted with rods and connections, and a standard plating dynamo 
as for electroplating. Carbon electrodes and a specially prepared cadmium 
solution are used. There are also provided the usual metal-cleaning solu- 
tions, scrubbing tank, hot- and cold-water tanks, acid- dip tank, and a baking 
oven in which a temperature of about 350° F. can be maintained. Air at 
5 pounds pressure is also used for agitating the solution when a bright deposit 
is desired. The only difference in the equipment over that for electroplating 
is that the anodes and solutions are different, and the baking oven is added. 

One pound of cadmium salts will cover 134 square feet of surface if applied 
0.0002 inch in thickness. This depth of coating is claimed to be several 
times as resistant to corrosion as ordinary commercial galvanizing of 0.001 
inch in thickness. The thin coat of cadmium required by this process does 
not clog threads or destroy close fits as is the case with the heavier coats of 
zine needed for the same protection. Paints and varnishes are claimed to 
adhere well to Udylited surfaces. Udylited steel articles are claimed to 
have stood the salt-spray test for 1,860 hours without rusting, while ordinary 
nickel plate showed indications of rust in 2 hours and peeled in 40 hours. 

Cadalyte.—The Cadalyte rust-proofing process is essentially the electro- 
plating of cadmium on a base metal. The chief points claimed for the 
process are that the solution is easily prepared and will not deteriorate 
rapidly, and that it will produce an effective coat of cadmium in a short time. 

Cadmium is a soft, ductile metal which does not form basic salts as 
readily as zinc, and is therefore less subject to corrosion than zinc. It is 
above iron in the electromotive series, and is thus a better rust-proof coating 
for iron or stgel than either tin or nickel. Any metal covering that is below 
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iron in the electromotive series only protects the iron as long as the coating 
is intact, and will accelerate corrosion if the coating is broken or pitted. 

The material to be Cadalyted is cleaned in the usual manner, and the 
equipment for the process is similar to that for other classes of electroplating. 
Cadmium anodes only should be used, and they should be sufficient in sur- 
face area to equal the maximum surface of the articles to be plated at any 
one time. A high-current density is used in the plating bath, and at the 
rate of 30 amperes per square foot about 0.001 inch of plate thickness can 
be deposited in 10 minutes. The voltage is regulated so that the current 
flowing will produce a slight evolution of gas at the work. At this point 
the maximum rate of plating is attained, and the brightest deposit pro- 
duced. Increased rates of deposit can be obtained satisfactorily by increas- 
ing the voltage if the solution is agitated. 

In a Cadalyte plating bath all of the cadmium deposited on the work is 
taken from the anodes. This results in a constantly uniform composition 
of the solution. The solution does not decompose readily upon contact 
with theair. No heating is required, although it will operate satisfactorily at 
temperatures up to 130° F. Cadalyte solutions do not need special reagents, 
and any mechanical loss is replaced by the addition of more of the same 
composition. The coating of cadmium produced by the Cadalyte process 
is dense, ductile, and adherent, and presents a somewhat polished appear- 
ance when removed from the bath. 

A Cadalyte coating is claimed to give a corrosion resistance as great as a 
plate of zine several times as thick. This fact makes it especially valuable 
for the rust-proofing of bolts, screws, and nuts, where a thick plate would 
require undersized threads or rethreading. Cadalyte coating, moreover, 
is especially resistant to salt-water corrosion, and is therefore useful for 
marine work. Cadalyte coating can also be used as a flash for nickel plat- 
ing, thereby combining the protective properties of cadmium with the high 
polish that can be obtained on nickel, 


CHARACTERISTICS OF STAINLESS STEELS! 


Stainless steel is essentially a steel containing an appreciable amount of 
chromium. It was first produced in America in 1914, under the Brearley 
Patent. This original composition, of which a typical analysis is: Carbon 
0.35 per cent and chromium 13.5 per cent, still finds its greatest use in the 
cutlery industry, and is designated as Sterling ‘‘Type A” stainless steel. 
As supplied from the mill, it has a Brinell hardness of 325 and is machinable. 


‘ For the information given we are indebted to the Firth-Sterling Steel Co., 
American Machinist, Sept. 29, 1927. 
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In this condition its tensile strength is about 150,000 pounds per square inch 
minimum, with a minimum elongation of 12 per cent, and a reduction 
of area of 40 per cent. When hardened by oil quenching at 1750° F., and 
drawing at 450° F., it has a Brinell hardness of about 500, with a tensile 
strength of 240,000 pounds per square inch, minimum, an elongation of 
4 per cent, and a reduction of area of 8 per cent. When air cooled from 
1825° F., and drawn at 450° F., its Brinell hardness is about 450, and its 
tensile strength is 220,000 pounds per square inch, minimum, and elongation 
of 6 per cent. When hardened, ground, and polished, this steel has great 
resistivity to corrosion. 

The success of stainless steel in the cutlery industry led to its adaption for 
various uses in the entire field of manufacturing. The fact was soon 
apparent, however, that the application of one type was incapable of meet- 
ing all the requirements of many various purposes. Modifications had to 
be made to improve certain physical properties or to overcome limitations. 
The dental- and surgical-instrument industry called for a stainless steel 
capable of greater hardness. To meet this demand, another type was 
developed in which maximum hardness is obtained with a loss of some of 
the corrosion resistance by increasing the carbon content of the original 
“Type A” and keeping the chromium content the same. A typical analysis 
of this steel is: Carbon 0.80 per cent, chromium 13.5 per cent. This type 
of steel is also used for scale pivots, ball bearings and ball races, and other 
parts requiring extreme hardness. Stainless steel of this composition 
is forged at temperatures between 1700 and 2000° F., and is annealed 
at from 1625 to 1675° F. It is hardened at a temperature of from 1800 
to 1900° F., and the temper is drawn to meet the requirements. 

To meet further the requirements of cutlers, another stainless steel was 
developed, which has both a high-carbon and a high-chromium content. 
This steel, which was designated as ‘‘Type B,” has a typical analysis of: 
Carbon 0.65 per cent and chromium 16.5 per cent. The heat treatment of 
this steel is practically the same as that for the 13.5-per cent chromium type, 
but its Brinell hardness, when hardened, is somewhat lower, being about 550 
as compared with 625 for the 13.5-per cent steel. 

All of these types of stainless steels require heat treatment, with subse- 
quent grinding and polishing, to obtain their stainless qualities. The call 
for a stainless steel that would eliminate the necessity for hardening and 
grinding, led to the development of still another type which is stainless 
without heat treatment, is readily machinable, and has exceptionally good 
physical properties. A typical analysis is: Carbon 0.10 per cent, chromium 
12.5 per cent. This stainless steel is used for steam-turbine blades, and for 
such machine parts as pump rods, shafts, and soldering points. While 
heat treatment is not necessary to develop stainless properties in this steel, 
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the physical properties can nevertheless be improved by oil quenching at 
1800° F., and then drawing at various temperatures up to 1100° F. The 
hardness is greatly influenced by slight variations in drawing temperatures. 
As supplied from the mill, this stainless steel has a Brinell hardness from 
200 to 240, and a minimum tensile strength of 100,000 pounds per square 
inch, with an elongation of 20 per cent and a reduction in area of 60 per cent, 
minimum. When oil quenched from 1800° F., and drawn at 450° F., the 
steel has a tensile strength of 190,000 pounds per square inch, minimum, 
with an elongation of 15 per cent., minimum. Drawing at 1100° F. reduces 
the tensile strength to 150,000 pounds per square inch, but increases the 
elongation to 20 per cent. When annealed, this 1214-per cent chromium 
steel is readily machinable. 

All of the standard chromium stainless steels can be forged, but to meet 
the requirements of manufacturers of drop forgings, a soft malleable type of 
stainless steel was developed which could be formed into intricate shapes 
with approximately the same ease as low-carbon steel, and which does not 
possess the air-hardening properties common to the other types. The 
stainless steel developed to meet the requirement contains about 16 per cent 
of chromium and 0.08 per cent of carbon. This steel can be forged readily, 
and is highly resistant to rust and corrosion. It is forged at a temperature 
of 1600 to 2000° F. It can also be hardened if required by quenching 
from a temperature of 1775 to 1825° F, 


HEAT-RESISTANT ALLOYS?! 


Heat-resistant alloys are alloys that will withstand continuous heating at 
high temperatures without serious oxidation. They are employed for car- 
burizing boxes, furnace parts, resistance wires for electrical heating appara- 
tus, automotive engine valves, spark plug points, and for many other articles 
subject to continuous or intermittent heating. They also generally have 
high resistance to the corrosive action of acids and alkalies, and some of the 
alloys are closely related to the group of acid-resistant metals, 

The heat-resistant alloys are in general based on nickel and chromium, 
but may contain amounts of iron up to 60 per cent or more. They may also 
contain small percentages of manganese, silicon, or other elements to give 
other properties such as great hardness, increased tensile strength, or 
additional acid-resistance. 

Since chromium and nickel are both expensive metals, the proportion 
of iron may be increased in the grades which are not expected to withstand 
the maximum temperatures. The standard alloy for high-temperature 


1 American Machinist, Oct. 4, and Nov. 22, 1928. 


MATERIALS FOR AIRCRAFT CONSTRUCTION 489 


resistance wire, for example, contains about 80 per cent of nickel and 20 of 
chromium. This will withstand continuous heating up to 2100° F. But 
for average conditions, where the operating temperatures are only about 
1800° F., iron may be added up to the extent of about 25 per cent and the 
content of chromium and nickel reduced, with consequent economy of cost. 
Heat-resistant alloys are marketed under many trade names, and most 
makers produce their materials in varying grades to meet the service 
conditions. 

Another class of metals sometimes grouped with the heat-resistant alloys 
is the high-chromium iron and'steel belonging to the ‘‘rustless” and ‘‘stain- 
less” groups. These alloys, when employed for heat-resistance, usually 
contain more chromium than the ordinary stainless steels. They also 
contain only a very low percentage of carbon. 

Atha’s 2,600 Alloy.—Atha’s 2,600 Alloy is the trade name of a heat- 
resistant and corrosion-resistant alloy containing approximately 22 per cent 
of nickel, 8 of chromium, 1.75 of silicon, 1 of copper, 0.70 of manganese, 0.50 
of carbon, and the remainder iron. It is also resistant to the action of many 
acids, and is non-magnetic. It is a product of the Crucible Steel Company 
of America, New York. Atha’s 2,600 Alloy can be hot rolled into bars and 
sheets, cold drawn into wire, forged, or cast. It can be machined readily, 
but not as easily as ordinary steels. It is annealed by quenching in water 
from a temperature of 1200 to 1600° F. The tensile strength, annealed, 
is from 95,000 to 125,000 pounds per square inch, and the elongation 25 to 
35 percent. The specific gravity is 7.95, and it weighs 0.29 pounds per cubic 
inch. 

Nichrome.—Nichrome is the general trade name of a group of alloys 
produced by the Driver-Harris Company, Harrison, N. J., and employed for 
carburizing boxes, resistance wires, and a wide variety of other uses. The 
standard grade of casting Nichrome for carburizing boxes contains 67 per 
cent of nickel, 16 of chromium, 12 of iron, and 1 of manganese. It has a 
tensile strength of 64,000 pounds per square inch. The melting point is 
2460° F., and it will resist oxidation and scaling at temperatures up to 1650° 
F. A grade of Nichrome used for resistance wire contains 60 per cent of 
nickel, 12 of chromium, 26 of iron, and 2of manganese. ‘The tensile strength 
is 100,000 pounds per square inch. The weight is 0.294 pounds per cubic 
inch. Other grades used for various purposes are marketed. Nichrome IV 
contains 80 per cent of nickel and 20 of chromium, and will resist oxidation 
at continuous temperatures up to 2100° F. The tensile strength is 120,000 
pounds per square inch, melting point 2535° F., and weight 0.306 pounds 
per cubic inch. 

Ascoloy.—Ascoloy is the trade name of a heat-resistant and corrosion- 
resistant alloy produced by the Alleghany Steel Company, Brackenbridge, 
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Pa. It is a chromium-iron alloy made in the electric furnace, and contains 
from 12 to 16 per cent of chromium, 0.50 per cent each of manganese, nickel, 
and silicon, and below 0.12 per cent of carbon. It is manufactured in various 
grades in billets, plates, sheets, bars, tubes, wire, and castings, and is 
employed for tools, mine fittings, serew-machine products, and for various 
parts requiring a corrosion-resistant and heat-resistant material. The 
standard grade resists. oxidation at temperatures up to 1500° F. Other 
grades are produced for temperatures up to 2200° F. The melting point 
is 2723° F. The tensile strength of Ascoloy is 72,000 to 85,000 pounds per 
square inch. 

Delhi Rustless Iron.—Delhi Rustless Iron is the trade name of a chro- 
mium-silicon alloy iron having high rust-resisting and acid-resisting proper- 
ties. It is also claimed to withstand continuous heating up to 1600° F. 
without scaling. It is a product of the Ludlum Steel Company, Watervliet, 
N.Y. It belongs to the class of stainless irons and steels, but its low carbon 
content does not permit hardening. It can be forged readily, and is 
used for machine parts and for articles where oxidation resistance is 
important. Delhi rustless iron contains, in a typical analysis, about 18 
per cent of chromium, 1. 5 of silicon, and not more than 0.08 per cent of 
carbon. Various grades are marketed in all standard shapes. The highest 
grade gives an ultimate strength up to 110,000 pounds per square inch 
when rolled. 

Calite.—Calite is the trade name of an iron-nickel alloy of the class known 
as heat-resistant alloys. It is made in various grades, and resists oxidation 
when subjected to continuous heating up to 2000° F. A typical Calite 
contains 35 per cent of nickel, 5 of cRromium, 50 of iron, and 10 of aluminum. 
It has a melting point of 2775° F. _ Its tensile sereuutin is 56,800 pounds per 
square inch, and the specific gravity is 7.03. Calite is cast easily, and is used 
chiefly for ee for heat-treating purposes. It cannot be machined, nor 
cut with the gas flame. It is a product of the Calorizing Company, 
Pittsburgh. 

Chromel.—Chromel is the trade name of a nickel-chromium alloy used for 
heat-resistant castings, and for electrical resistance wires and thermo- 
couples. It is a product of the Hoskins Manufacturing Company, Detroit, 
Mich. Chromel A contains 80 per cent of nickel, and 20 per cent of chro- 
mium. Chromel P contains 90 per cent of micked and 10 of chromium. 
Chromel C has 64 per cent of nickel, 11 of ehecunnae and 25 of iron. The 
tensile strength of Grade A is about 120,000 pounds per square inch, and the 
melting point is 1420° C. The melting point of Grade C is 1390° C., and 
that of Grade P is 1435° C. ~ 
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Fahralloy.—Fahralloy is the trade name of a heat-resistant and corrosion- 
resistant alloy used for making annealing and carbonizing boxes, and for 
chemical machinery parts. It is made in thirteen grades, containing differ- 
ent percentages of chromium and nickel, and will withstand continuous tem- 
peratures up to 2200° F. without oxidation. Some grades can be machined, 
and are ductile and malleable, while others are hard and brittle. It is a 
product of the Southern Manganese Steel Company, St. Louis, Missouri. 

Hybnickel.—Hybnickel is the trade name of a group of heat-resistant 
alloys made by Victor Hybinette, The Pusey and Jones Corporation, 
Wilmington, Del. Alloy A withstands temperatures up to 2100° F., and 
is used for carburizing boxes, hearth plates, and furnace conveyor parts. 
Grade B is a “‘high-rigidity” alloy for temperatures up to 1800° F. Other 
grades are C, D, R, and 8S. The latter two are especially made for acid 
resistance. 

Q-Alloys.—Q-Alloys is the trade name of a series of nickel-chromium 
alloys manufactured by the General Alloys Company, of Chicago. A 
typical composition is 68 per cent nickel, 20 per cent chromium, and small 
quantities of silicon, aluminum, and iron. They are of the class of heat- 
resistant alloys, and a tensile strength of 27,000 pounds per square inch is 
claimed at a temperature of 1750° F. The alloys are usually cast into 
boxes for high-temperature work, but the metal is also furnished in sheet 
form, and in bars, and can be fabricated by welding. Q-alloys will with- 
stand temperatures up to 2200° F. without scaling. They can be cast into 
intricate shapes. The color is silvery gray. : 

Rezistal.—Rezistal is a chromium-nickel-silicon ‘‘steel”” manufactured 
in several grades, all of which have high percentages of nickel and chromium. 
It is non-magnetic, and is resistant to heat, chemical action, and corrosion. 
Its specific gravity is 7.76. It casts very well, making sharp, clear-cut cast- 
ings. It is rolled and forged at a yellow heat, about 2000° F. When 
annealed for several hours at 1750° F., and cooled in a furnace, it can be 
machined readily. It can be forged and welded. In drawn-wire form its 
tensile strength is as high as 150,000 pounds per square inch. The average 
tensile strength of the rolled metal is 100,000 pounds per square inch, with 
elongation of 20 to 35 per cent and Brinell hardness of 225 to 300. All 
erades of Rezistal are highly resistant to oxidation and scaling up to 2200° 
F. At 1760° F. the tensile strength is said to be 21,000 pounds per square 
inch. It¢ is therefore valuable for use in baffle plates, spark-plug electrodes, 
and other uses where heat resistance or acid resistance is required. It is 
highly resistant to sea water or mine waters. Rezistal is manufactured 
under U.S. patents 1,420,707 and 1,420,708 by the Crucible Steel Company 
or America, New York City. 
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Silcrome.—Silcrome is the trade name of a heat-resistant alloy steel used 
for automobile-engine valves. It contains high percentages of silicon and 
chromium, and has a medium carbon content. It is claimed to withstand 
temperatures up to 1700° F. forlong periods without scaling. For internal- 
combustion engine valve use it does not burn, pit, or warp. It machines 
readily. Silerome is a product of the Ludlum Steel Company, Watervliet, 
New York. 


SECTION XI 
S. A. E. STANDARDS! 


In cooperation with the airplane industry the Society of Automotive 
Engineers has adopted a number of standards for airplane parts as has 
been done for the automobile industry, and which has done much to 
simplify design and reduce manufacturing costs. In addition to the 
standards given in this section it will be obvious that many of the 
standards now used in automobile building can also be used in airplane 
work. It has been thought best, however, to confine the standards for 
the present at least, to those primarily adopted for airplane work. 

With the exception of the proposed standard for adjustable propeller- 
blade ends and their clamps, all the standards given have been adopted 
by the S.A.E. as of February, 1929. In view of the increasing use of 
propellers of this type it has seemed advisable to include these as they 
seem likely to. be adopted in view of the fact that they have been 
approved by the Army-Navy Standards Conference and are known as 
AN Standards. The sizes of propeller-blade ends when made of alumi- 
num alloy and of the clamp rings and bolts are given after the standards 
for taper and splined hubs. The other standards follow: 


1 From the report of the Aeronautic Division, adopted by the Society, 
February 1929. 
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PROPELLER-HUBS AND SHAFT-ENDS 
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STANDARD CLAMP RING FOR ADJUSTABLE PROPELLER BLADE 
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TAPER SHAFTS 
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d, 
In- diam- 
Shaft L, cluded eter at 
No. length niche! aimall 
end 
1 5542 5°4330” 1.535 
1.2 in. 
per ft. 
2 7 5°43’30” 1.462 
1.2 in. 
per ft. 


2.362 


Key 
K, W, Ts 8 
length width thickness 
3 0.375+-0.0000)0.2775+0.0005/0. 156 + 0.002 
—0.0005 
5”A6 |0.47340.001 0.2364+0.001 |0.148+0.005 
—0.002 


' The taper should vary from absolute uniformity by being from 0.000 to 0.001 in. larger at the large end 


THREADS 


General Information 


Threads generally used on the No. 1 taper shaft-end is 114-18 (external) 
American Standard (NF), or 154-24 (internal) American Standard(NF). 
The thread in general use or the No. 2 taper shaft-end is 194-12 
Note. NF indicates National Fine 


(external) American Standard (NF). 
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STANDARDS 
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GENERATOR MOUNTING 


GENERATOR Mountina Fuancr DIMENSIONS 
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FUEL-PUMP MOUNTING 
Fur, Pume Mowuntine DIMENSIONS 
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Encine END oF TACHOMETER DRIvE SHAFT 
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ENGINE AND TACHOMETER SHAFT CONNECTIONS 


z - (Theend of the Corners 

The use of bushing at this (i : 2.010 Rad, shaft must rounded, 

point dependent on engine design of _” bot project 
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ee 
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002", "40.002 EUS! térm ~a003 ” Workin 
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Instrument End.— The upper or instrument end of the shaft has a squared 
socket, made integral with a shoulder which forms a thrust bearing. 


Engine End.—The lower or engine end is finished with a cylindrical end 
with a single integral key. 


Casing.—The casing shall be of flexible metallic tubing covered with 
whipcord braid and impregnated to prevent oil leakage; similar to sample, 
or covered with other material which will be equally flexible, oil-tight and 
free from stretching and of no greater weight than the whipcord braid cover- 
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ing casing. The outside diameter of casing over braid to be approximately 
746 inch; the inside diameter of casing to be approximately 14 inch, The 
ends of the casing are finished alike, as shown in detailed sketches. The 
screw-threaded sockets covering the whipcord braid are screwed in place 
and set with shellac or other suitable material to form an oil-tight and 
permanent connection. 


Shaft-end.— The shaft-end at the engine is drilled and slotted to fit the 
tachometer shaft-end, allowing for end-play of at least 1 inch. More play 
than this may be required where the drive shaft is more than 6 foot in length, 
the amount to be determined experimentally. 


Drive Shaft— The drive shaft shall be of helical wire wound construction, 
with core wires, 


Spindle-—The tachometer spindle is finished square to fit the square 
socket on the drive shaft. 


Drive Shaft— The drive shaft shall rotate at one-half crankshaft speed. 


End Nuts.—Size and contour of exterior circumference of end nuts is 
optional, but 1546 inch octagon is recommended. 


AIRPLANE STICK CONTROL 


BALANCING CONTROL 
(Ailerons) 
left side of Right side of RIGHT AnD LEFT CONTROL 


ee aN Machine Down _Machine Down Y Rudder) 
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ALTITUDE CONTROL 
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“ JoAileron Toyah dif 
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To Rudder : 
ae 


SIDE VIEW ‘ 
To Elevator ToAlleron_ 


Toe Rudder 


To Rudder To Rudder 


VIEW FROM PILOT'S SEAT PLAN VIEW 


. 


The general arrangement and functions of airplane parts for controlling 
altitude, balance and direction of flight are shown on the following drawing. 
This recommendation covers the direction of control movements required to 
produce given results in the line of flight. The stick control is generally 
used on the lighter and faster types of planes. 
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AIRPLANE WHEEL CONTROL 


WHEEL CONTROL 


BALANCING CONTROL 
ALTITUDE CONTROL (Averons ) 
(£levators) nr eBAsCG of Right site of 
a es z achine Down Machine Down 


‘RIGHT ano LEFT CONTROL 
(Rudder) 


.gnt ler 
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. Brie =) PES 5 ap f Pe * 
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tl F500, —™ Rudder 
al OER SE a — To Elevotor 
VIEW FROM PILOTS SEAT PLAN VIEW 


The general arrangement and functions of airplane parts for controlling 
altitude, balance and direction of flight are shown on the following drawing. 
This recommendation covers the direction of control movements required 
to produce given results in the line of flight. The wheel control, sometimes 
called ‘‘bridge control,” is generally used for the heavier and slower types of 
planes. 

AIRCRAFT STORAGE-BATTERIES 


These specifications are intended to apply only to lead-acid storage- 
batteries for aircraft. 
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Ratings.—The 5-hour rating of batteries for combined starting and lighting 
service shall indicate the lighting ability and shall be the capacity in ampere- 
hours of the battery when it is discharged continuously at the 5-hour rate 
to a final voltage of not less than 1.75 per cell, the temperature of the 
battery at the beginning of such discharge being 80° F. The second rating 
shall indicate the starting ability and shall be the minimum current in 
amperes that the battery will deliver when discharged continuously at the 
20-minute rating to a final voltage of not less than 1.5 per cell, the tem- 
perature of the battery at the beginning of such discharge being 80° F. 


Non-spillable Feature-—Means shall be provided to prevent the escape 
of electrolyte when the battery is turned in an inverted position, or in any 
position between normal and the inverted position, and allowed to remain 
in any position for an indefinite period. During this test the electrolyte 
shall be adjusted to normal level. 


Terminals.—Aircraft storage-batteries shall be equipped with wing-nut 
terminals secured to the top of the battery box in such a manner that 
vibrations from the external leads will be absorbed by the battery box and 
not transmitted to the terminal posts. Both terminals shall be located on 
the same side of the battery, with the positive to the right when looking 
at the terminal side of the battery. 

Terminals shall have a 54 g-13 American Standard thread, with tolerances 
providing a Class 2 fit. 

Battery terminals and cable terminals shall be lead-coated. 


Mini- Mini- Maximum over-all 
eee aie dimensions, inch Maxi- 
Bat N capac- current 
a b ie ity at for 20 aA 
Uery, pads 5-hour min., weight 
No. cells wet 
rate, amp. ‘ ; : ’ 
ampere (sen Length! | Width | Height | pound 
hour note) 
32 62 2914 50 86 | 714 11}4 38 
34 67 43 75 11% 1% 1114 53 
36 62 65 113 1444 74 A 70 


1 The over-all end-to-end length includes handles, not hold-down devices. 
and the hold-down devices shall be attached only to the ends of the case. 


® Side-to-side assembly of cells. 


The handles 


From the report of the Aeronautic Division, adopted by the Society, August 1928. 


S. A. EZ. STANDARDS 505 


Note 


. The Standards Committee will be asked to take action on a Sub-committee 
recommendation to change the 20-minute rating for aircraft storage batteries 
to read as follows: 


Minimum current 


Battery No. for 20 minutes, 
ampers 
32 44 
34 66 
36 99 


PULLEYS NON-METALIC 


‘ 

' 
8 

' 
; 


No. ie! AD Beh A ate BO ae er 
size 0.002 radius _0.015 
1 46-32 ¥8| 134| 36 | 0.258 364 2] 14 
Oe 6-32 2 | 214) 36 | 0.253 364 460] 164 
3 : Vg-33 2-46 13g] 2 | 4 | 0.378 Ya 364) Ke 
4 1$-742-%6 * 234| 3)4| 4 | 0.378 Yea | 364) We 
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Pulley 1.—To be used for 146 and 34» extra flexible cable where the bend 


is 30 deg. or less. 

Pulley 2.—To be used for 4 and 342 extra flexible cable where the bend 
is greater than 30 deg. 

Pulley 3.—To be used for 14, 542 and 346 extra flexible cable where the 
bend is 30 deg. or less. 

Pulley 4.—To be used for 4, 542 and 346 extra flexible cable where the 
bend is greater than 30 deg. 


SHACKLES 


NOTE: Drill! holes central and 
parallel within t 0.005 


Ss 
End for 8000 Ib,12,5001b 
and 17,500 Ib.Shackles 


Physical Properties 


Shackles shall show the ultimate strength required when subjected to a 
tensile test. Shackles, when subjected to a bend test made by opening the 
shackle and bending flat, shall show no signs of cracking. 
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EYE-BOLTS 


UE 


‘ Ss ' 
| esc ee Max 2Imper tect Thds 


: 40.005 

hs 0.0/0 (00 36 Rad -Chamter 
o-  a * 

uy 


Alternate End 


Physical Properties 


Assembled bolts shall show required minimum tensile-strength when 
tested in tension between the head and the nut. 

Bolts shall stand cold-bending in the plain part without fracture through 
an angle of 180 deg. over a diameter equal to the diameter of the bolt. In 
short bolts the test may be made in threaded part, the angle of bend to be 
through 35 deg. 


Marking 


Bolts conforming to these specifications shall be marked in some distinec- 
tive manner where shown. 

Bolts conforming entirely to Army-Navy material specifications shall be 
marked with X. 

Bolts not marked in either manner will be understood to be made from 
low-strength material. 
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TURNBUCKLES 


neva nene-- p -Zhreads tush withends | 


nes of barre] 


Assembly No.1 Cable-Eye and Pin -Eye 


Threads flush with ends 


(——-i- —— ] o 


Assembly No.2 Cable-Eye and Cable-Eye 


p Threads tlush with ends _ 
of barre] 


Assembly No.3 Cable-Eye and Fork 


ie} 
| 


= 4% inch, assembled length—short type 
P = 8 inch, assembled length—long type 


y 


TURNBUCKLE WEIGHTS 


(General information) 


Short type Long type 

Strength, Approximate Stranath; Approximate 

weight, weight, 

pound Sound pound pound 

800 0.030 1,600 0.094 

1,600 0.065 2,100 0.116 

2,100 0.084 3, 200 Cadiz 

3, 200 Qeri2 4,600 0.250 

4,600 0.165 6, 100 0.368 

8,000 0.420 

12,500 0.630 

17,500 0.935 


ee 


U.S.Form— 
LH.7hd. to 
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rik ss , QTE sang wt0.008 U.S. Form RH. 
ree Short ae 
Short 
Nea Thread: | L M N B T 
800 5-40 0.250 0.219 0.188 2.25 0.125 
1,600 10-32 0.375 0.281 0.250 2.25 0.125 
2,100 5 12-28 0.375 0.328 0.281 2.25 0.125 
3,200 14-28 0.438 0.391 0.328 2e2o 0.125 
4,600 54 6-24 0.500 0.438 0.406 2725 0.125 
Long 
1,600 10-32 0.375 0.281 0.250 4.00 0.125 
2,100 12-28 ‘ 0.375 0.328 0.281 4.00 OF125 
3,200 14-28 0.438 0.391 0.328 4.00 0.125 
4,600 54 6-24 0.500 0.438 0. 406 4.00 0.125 
6,106 é 34-24 0.625 0.594 0.469 4.00 0.125 
8,000 
12,500 746-20 0.750 0.688 0.563 4.25 0.188 
17,500 14-20 0.875 0.813 0.625 4.25 1.88 


a 


1 Threads are American Standard (NF), with Class 3 tolerances. 


Fine pitch. Tolerances are + 0.010 except where otherwise indicated. 


NF indicates National 
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Physical Properties 


Barrels shall be made of rolled brass to provide the following physical 
properties: 


Tensile strength (minimum), pound per square inch 67,000 


Yield point (minimum), pound per square inch...... 45,000 
Elongation (minimum) in 2 inch, per cent........... 22 
Reduction of area (minimum), per cent............. 45 


CaBLe-EYE 


£ye must be centra/ 
ThO.U.S.Form, : A, Wwithira 20.005 


Physical Properties 


Turnbuckle cable-eyes shall be subjected to a tensile test after plating 
and shall withstand the test load specified. 

The shanks shall be machined preferably from heat-treated cold-drawn or 
cold-rolled bars. If shanks are not made from heat-treated cold-drawn or 
cold-rolled bars, they shall be heat-treated after machining to give the 
physical properties specified. 

Turnbuckle shanks meeting the tensile test without breaking shall be 
held in a square-nose vise and bent through an angle of 90 deg. without 
failing or cracking. 
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PIN-EYE 


Hole must be centra/ 
/ within 0.005 


TAGU.S. Form R.H. Zz ° 


ey ey ar eae 
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c aos. 


mn 
‘ = 
' oS A 30°? 
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Physical Properties 


Turnbuckle pin-eyes shall be subjected to a tensile test after plating and 
shall withstand the test load specified. 

The pin-eye shall be machined preferably from heat-treated cold-drawn or 
cold-rolled bars. If pin-eyes are not made from heat-treated cold-drawn or 
cold-rolled bars, they shall be heat-treated after machining to give physical 
properties specified. 

Turnbuckle pin-eyes meeting the tensile test without breaking shall be 
held in a square-nose vise and bent through an angle of 90 deg. without 
failing or cracking. 


519 


S. A. E. STANDARDS 


“youd oury [BUOTZBN SozVOIPUT FN 


“poyBoIPUL OSIMI9q}O oIOYM 4d90x9 OTO'O + 1B sooueIO[OT, 


*Bu1yB0o aAt3004301d 10 Zuye[d opNjouUl sazis paysiuly 
*g90UBII[OJ E SSBIO YIM (FN) PAVpUBIG UBOLIOUTY 918 SspBoI4 TY, 1 


 —  ————————————— 


¥Z00'0— 
ZIT ocz'0 | ss9°0 | Isz'0 | 2¥0'0 | ogz'0 | e%z°0 ele'0 | 0000°0+#S8z'0 | ¥z-954 009‘ F 
ZZ00°0— : 
eZI'I ez9'0 =| ¢z9'0 | 61z°0 | 2#0°0 | 6tz'0 | 68T"0 0sz'0 | 0000'0+892¢'0 | 8z-% 002‘ 
ZZ00°0— 
SZI'I e9¢'0 | 00¢'0 | sst°o | te0'0 | g¢t-o | get-o sst'o0 | 0000'0+sz6t‘o | 8z-zT 001‘z 
6100°0— 
GZI'I o0¢'0 | 00¢'0 | sst7o | te0°0 | 9¢t'0 | eer-o sst'0. | 0000‘0+z69T'0 | zg-0T 009‘T 
1100°0— 
ZIT eze'0 | ¢ze0 | szt‘o | 1e0'0 | gzt‘0 | ¥60°0 S810 | 0000°0+8IzI'0 | O09 008 
Sto'0—- e 000°0 — 000;0— | 000°0— 
: unod 
oon MT OO Sy Lc o1oo+ | c/a | 900°0+ | ofo0+ a rpearyy, | ,P 
o a iF “9 oe WyBu01g 


SNOISNAWIC] WAA-NIG LYOHS 


> 


THE AIRCRAFT HANDBOOK 


520 


"yoqtd oul [BUOIYEN $0¥8OrpUl [NN 


*poyBorpul ASIMI9yYO 9IoYM 3d90x9 Q[O'O F IB sodUeIITO T, 
*Bu1yBoo aAtyoa4O1d IO Zurye[d opNypour sezis poystury 


‘SO0UBIO[O} SSB YAM ‘(PN ) paBpuBIg UBOLIOWIW 218 SpBeIYT, 7 


9200 '°0— 
GZ9'°S 000 T S8I'T | 69F'0 8240°0 90F 0 Goh 'O 00¢ °0 0000°0+¢29F° 03-% 00¢ ‘LT 
9600 0 — o 
GLE'S 000°T €90°T | SlE°0 840°0 69 °0 Z9E 0 8EPr'O 0000°0+0¢0F* 0c-2 00¢ ‘ZT 
$600 0 — 
000°% G18°0 $218°0 |. 8é8°0 590 °0 182 '0 90€ 0 SLE°O 0000'°0+62LF8" 2-3 000°8 
$200 '°0— 
000°% ¢L8°0 0gZ°0 | 182°0 £90°0 182 0 992 0 cle'0 0000°0+ 628° $o-86 ()0) a) 
$600 '0— 
000°% 0s2°0 889°0 | T8¢°0 L¥0°0 0S2 0 £420 ele oO 0000 °0+ #¢8z° 42-9 009'°F 
600° 0— 
000°% S390 $c9'0 | 612°0 10 °0 612 °0 6810 0gs'0 0000 0+ 0922" 83-K 006 ‘€ 
6600 °0— 
000°% €9¢°0 00¢ ‘0 | 8810 TE0'0 9ST'0 SST'"O 881 ‘0 0000°0+8Z6T° 82-6T O0OT‘S 
6100 '0— 
000 °% 00¢*0 00g ‘0 | 88I°0 T€0°0 9ST O €€1'0 8810 0000°0+ Z69T* ZE-OL 009 ‘T 
STO';O-— — 000°0 — 000°0 — 000°0 — 
i unod 
Té0'0+ 4 os gS - oto'o+ C/A 900°0+ o1o'o+ dozyoUIVIp YOUUT 1pBeIy LT, ‘ Lea 
vA 4a T ‘9 ‘a qysuol}S 


SNOISNAWIQ] GAG-NIQ ONO'T 


S. A. H. STANDARDS 521 


Fork 


Physical Properties 


Turnbuckle forks shall be subjected to a tensile test after plating and shall 
withstand the test load specified. 

The forks shall be machined preferably from heat-treated cold-drawn or 
cold-rolled bars. If forks are not made from heat-treated cold-drawn or 
cold-rolled bars, they shall be heat-treated after machining to give the physi- 
cal properties specified. 

Turnbuckle forks meeting the tensile test without breaking shall be held 
in a square-nose vise, and bent through an angle of 90 deg. without failing 
or cracking. 
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WIRE LOOPS AND FERRULES 
ABRONAUTIC 


The loops for round tinned steel wire are made by threading the tension 
wire through a ferrule, forming a loop of the specified size, slipping the ferrule 
up against the loop and bending the free end of the tension wire over the 
ferrule as shown. The ferrule is then thoroughly soldered in place without 
drawing the temper of the tension wire. 


Round wire loops Ferrule E Gage bar 


Size of wire, (A) 


B C D R Inch F G 
B. & 8. ich gage 
gage 
8 0.128] %{6| 2364! 564 | 1364 9 0.114) 0.130) 0.266 
8 0.128! Mo} 1%al Neo 94 9 0.114} 0.130) 0.26¢ 


10 0.102) 1545) 940] Keo | %a 11 0.091) 0.104] 0.205 
12 0.081] 1345] 1%4| Wo | %a 13 0.072); 0.083) 0.16¢ 


14 0.064) 1340] 1764) Wo | Y%a 15 0.057! 0.066) 0.13% 


Dimensions given in inches. Dimensions “A” and ‘E”’ are minima— 
tolerance, plus 0.002 inch. The gage bar has semicircular edges and shal 
pass through the ferrule with a clearance of approximately 0.003 inch 

‘ 
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STEEL THIMBLES 


AERONAUTIC 


Diameter of cable Approx. 
weight, 

A B C D E pound per 
Nominal | Decimal tae 
Yi6 0.062 Oxsbe OL Om OURO G 0.09 | 0.032 3.00 
340 0.094 0.35 | 0.70 | 0.07 0.09 | 0.0382 3.00 
i 0.125 OH || Os |) We 0.13 | 0.0382 4.34 
589 0.156 0.40 ; 0.80 | 0.10 0.17 | 0.0382 6.36 
346 0.187 0.50 | 1.00 | 0.135 | 0.21 | 0.032 9.00 
B90 0.219 0.60 | 1.20 | 0.15 0.24 | 0.032 13.50 
yy 0.250 0)-7A0) |] ak 40). |W), ile 0 25 | 0.032 16.63 
% 6 0.281 0.80 | 1.60 | 0.198 | 0.30 | 0.040 30.36 
46 0.312 0.90 | 1.80 | 0.21 0.33 | 0.040 33.00 
36 0.375 1.00 | 2.00 | 0.26 0.39 | 0.060 74.00 


i 


e 
Dimensions in inches. 


The thimbles shall be galvanized by either the electrical or hot-dip process. 
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FLAT WASHERS 


r 
T 

; Large Small 

Nominal H 

bolt size 

ae D T | D T 

No. 8 1lé4 Sa A aes 46 Yo 

No. 10 1364 % Nie 34 2 
M4 164: lk Hie 46 Hie 
416 2a 134 Me %6 Mie 
36 2564 15¢ Ye lhi¢ We 
“Ao 2% 11346 Yio 1346 Me 
a 3364 2 io 1546 Me 
6 S64. 234 6 ky l}{¢ Me 
% 4VG4 236 as lh Vie 


TAIL-SKID SHOE MOUNTINGS 


Tail-skid Shoes for airplanes under 4,500-pound weight shall fit a jig 
having the dimensions as shown. 


au” 
3 
Poe minis Rona enaln Been S 2 tm ico termes Rate 
pas Sela eae ZHO0OE pg 140.0005) fc. 420.00 
<4 -0.010" 32-0.005)? 
Hee 
“ 
nt0.0l 

| 70.00 DP 0000. ee 

: 16 -0.005” f 


Break Edges j., ; 140,002" 
| oy "40.0086 a Reamg 79.000 
¥ Ream fy "9.000" 
Shoe not to : 
extend beyond this point 
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PLAIN HEXAGON-HEAD BOLTS 


AERONAUTIC 


Chamfer 45 J 
H-, 
ee uw 
Max.2.\__ Ji. “0.01 Max. Rad. 
Miele f 
hreaas (% ~ #3, 0 Alt. r Alt 4 
7 164. ernate ernate 
L(seenote) ji, fee a 


Physical Properties 


Assembled bolts shall show required minimum tensile-strength when 
tested in tension between the head and the nut. 

Bolts shall stand cold-bending in the plain part without fracture through 
an angle of 180 deg. over a diameter equal to the diameter of the bolt. In 
short bolts the test may be made in threaded part, the angle of the bend to 
be through 35 deg. 


Marking 


Bolts conforming to these specifications shall be marked in some dis- 
tinctive manner where shown. 

Bolts conforming entirely to Army-Navy material specifications shall be 
marked with X. 

Bolts not marked in either manner will be understood to be made from 
low-strength material. 
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PLAIN HEXAGONAL NUTS 


AERONAUTIC 


* is ° 
self at 5 af 
wal -B- Sheig Eva 


\ Chamfer Threads ,>*~ Face to run true : 
to Diameter A--"* to Threads within 0.005 
total variation 


Alternate 


N} 
B, 
4 ; Threads width Full- Thin and 
2 ~~, 
Nominal size, A per inch? Pye iees Benth ses. 
flats nuts, nuts 
+0.005 +0.005 
0.1640 (No. 8) 36 34 a 4 
0.1900 (No. 10) 32 38 %4 %a 
0. 2500-14 28 6 46 Kk 
0.3125-5{ 6 24 44 1364 580 
0.3750-3¢ 24 %6 92 346 
0.4375-1 6 20 % 2 Ma Ve 
0.5000-% 20 34 34 4 
0.5625-% 6 18 % aye 932 
0.6250-54 18 116 1540 H6 


Cee ee 
1 For full-strength nuts N=3A/4. For check nuts and thin nuts for shear bolts }4 in. 
diameter and larger N = 4/2. 
2 Finished sizes include plating or protective coating. 
2 Threads are American Standard (NF), with Class 3 tolerances. NF indicates National 


Fine Pitch. 
Tolerances are +0.010 except where otherwise indicated. 
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Physical Properties 


Nuts shall be manufactured from bar steel having the following physical 
properties: 


Tensile strength (minimum), pound per square inch 70,000 


Yield point (minimum), pound per square inch...... 50,000 
Elongation (minimum), in 2 inch, per cent.......... 10 
Reduction of area (minimum), per cent............. 40 


Nuts shall withstand being increased 25 per cent of their original internal 
diameter without fracture and decreased 25 per cent of their internal diam- 
eter without failure. 


BALL HEXAGON-HEAD BOLTS AND NUTS 


AERONAUTIC 


30 (T0.) 


te Max Rock (RD )O01 


0) pooh x" *  todiamA LA 
Tiny BBE, “RG 
y a 3 ammae| Hing : rl rea i Le ed 
ie EH oa Pe "| FA 6-4 


Physical Properties 


Assembled bolts shall show required minimum tensile-strength when 
tested in tension between the head and the nut. 

Bolts shall stand cold-bending in the plain part without fracture through 
an angle of 180 deg. over a diameter equal to the diameter of the bolt. In 
short bolts the test may be made in threaded part the angle of bend to be 
through 35 deg. 


Marking 


Bolts conforming to these specifications shall be marked in some distinec- 
tive manner where shown. 

Bolts conforming entirely to Army-Navy material specifications shall be 
marked with X. 

Bolts not marked in either manner will be understood to be made from 
low-strength material. 
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CASTLE HEXAGON-NUTS 


ABRONAUTIC 
Ty \<A a <-T 
oF Aorad Ry 0% 
BLY ® 
—— I 
| [eel NE geet 
af ea 
Shenae to nes pe. toruntrue to ict DiameterA 
Ovameter A Threads within 0.005" 
total variation 
Alternate 
Bolt size A 8 
Rey ea nok ey ¥ ue & = 
—0.000 
0.1640 (No. 8)-36 3g | 15€4 364 %a 389 
0 1900 (No. 10)-32 34 M4 564 %a 339 
0. 2500 (14)-28 Ke 932 564 542 389 
0.3125(54 6)—24 Tee 4564. 564 580 34 
0 .3750(3¢)—24 %e | 1342 M6 316 389 
0.4375 (1 ¢)-20 5g | 2%4 \ 36 39 
0.5000(34)—20 34 Ke a 1364 My 
0.5625(% ¢)-18 2 an Te 580 Ye 549 
0.6250(5¢)-18 154g | 16 50 Yo 342 


1 Also size of hexagon. 
2 Also depth of slot. 


13 


3 Distance from A to beginning of 39-inch radius, whose center is floating to satisfy curv 


4 Finished sizes include plating or protective coating. 


All threads are American Standard (NF), with Class 3 Tolerances. NF indicates Nation 


Fine pitch. Tolerances are +0.010 in. except where otherwise indicated. 


Physical Properties 


Nuts shall be manufactured from bar steel having the following physic 


properties: 


‘ 
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Tensile strength (minimum) pound, per square inch 70,000 


Yield point (minimum) pound per square inch....... 50 , 000 
Elongation (minimum) in 2 inch, per cent........... 10 
Reduction of Area (minimum) per cent............. 40 


Nuts shall withstand being increased 25 per cent of their original internal 
diameter without fracture and decreased 25 per cent of their internal diam- 
eter without failure. 


BEVEL WASHERS 


AERONAUTIC 
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bi — a) . Pogle Angié “4s 
Bolt diameter H ae D ip 
No. 4 (0.112) No. 31 (0.120) 3¢ 3¢ 
No. 6 (0.188) No. 26 (0.147) 146 3¢ 
No. 8 (0.164) No. 17 (0.173) 1545 1545 
No. 10 (0.190) No. 8 (0.199) My 1545 
No. 12 (0.216) No. 1 (0.228) M6 ies 
4 1% 4 5g V4, 
6 2M TAG 2M 
38 2% 34 210 
Ke 2% BAG i% 
a 3% 1 % 


Angles: 6, 12, 24, 36 deg. for all sizes. 


Faces shall be flat and free from burrs. Bright medium carbon steel 
shall be used. 


SECTION XII 
AIRSHIPS OR DIRIGIBLE BALLOONS 


While the lighter-than-air craft, commonly known as airships or 
dirigibles, have not yet made their way into regular commercial use, 
the voyage of the Graf Zeppelin in the fall of 1928 indicates that the 
possibilities of such use cannot be overlooked. Although many men 
attempted to use the balloon type of aircraft with little success, we need, 
perhaps, only consider Count Zeppelin and Santos Dumont, a young 
Brazilian who made several spectacular flights in France in and around 
1901-3. Although Count Zeppelin’s work on dirigibles came later, 
the idea had been in his mind ever since he made balloon ascensions for 
military observations in Virginia in 1863. He resigned his commission 
in the German army in 1891 to devote his life to the airships, and though 
beset by many failures and discredited by all but a few, he persisted in 
the face of opposition and deserves great credit for his accomplishments. 

Airship building in this country has been almost entirely done by 
the Goodyear Tire & Rubber Company so that the following quotation 
from its president P. W. Litchfield has the weight of experience behind it. 


Airship construction involves the services of the chemist, the metallurgist, 
the motor builder, the fabric expert, the designer. It calls for calculation 
of stresses similar to those used in bridge construction but more intricate 
and complicated. The problem of the airship designer is to build a ship as 
large as an ocean steamer and yet having the weight of a small channel 
schooner. 

The Los Angeles is 656 feet long as against the 900 feet of length of the 
Leviathan, but while the Leviathan has a displacement of 60,000 tons, the 
Los Angeles with the maximum lift and load weighs less than 90 tons. 


The light internal-combustion engines, together with the develop- 
ment of strong aluminum alloys made possible the modern rigid dirigible. 
The British, however, are using stainless steel, in.special forms, for 


~ 
much of the structural work of their latest airship. Mr. Litchfield 
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feels that the modern airship will find the three following factors the 
most important: 


The Multiple-cover System.—One light thin cover whose sole function is 
to hold the lifting gas; a fireproof and waterproof outer cover to form a fair 
surface; and a stress-taking metal framework between the two. This 
arrangement of dividing the functions has the advantage that in case of 
damage one structural part may temporarily take care of the functions of 
the others. 

The multiple-cell system for containing the lifting gas which, like the 
bulkhead system of the steamship, permits the damage or complete deflation 
of two or more cells without danger to the ship. 

The accessibility of the interior of the ship to inspection and repair even 
in flight. ¥ 

There have been important improvements in design. The built-in control 
car feature is utilized in the Los Angeles; a military airship will have its engine 
cars as well enclosed within the hull of the ship, with only the propellers 
projecting on outriggers, thus reducing the air resistance and increasing the 
speed and efficiency. An airship built now would also have tilting pro- 
pellers turning in a 90-degree are to help force the ship upward or downward 
as desired. ey 

The perfecting of the mooring mast largely removes the difficulty of taking 
a ship in and out of the hangar in a cross-hangar wind. Now a ship can tie 
up to the mast and wait till conditions are favorable. 

In fact, in commercial airship operations, the ship could operate largely 
from mooring mast to mooring mast, using the hangar only as a surface ship 
uses the drydock, or the railroad uses the repair shops; that is for overhaul, 
inspection, and repair. Passengers and freight would be taken to the top 
of the mooring mast in elevators and embark directly into the nose of the 
ship. Refueling and even regassing can be carried on at the mast. 

The latest and most important improvement in airship design is the 
substitution of a triple keel for the former single keel, giving great increase 
in longitudinal strength, similar to the effect of the breaking strength of 
three lead pencils tied together as against three single pencils. Associated 
with this is a new type of transverse girder so sturdily built that each section 
is self-sustaining, so that the failure of one portion of the ship would not 
endanger the ship as a whole. 


Helium gas, such as is used in all the Army and Navy airships in 
this country, is not obtainable elsewhere. It has the advantage of 
being non-inflammable and the disadvantage of having considerably 
less lifting power than hydrogen, which is the gas used elsewhere. 
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This is a considerable handicap as the airships authorized by Congress 
with a capacity of 6,500,000 cubic feet will have about the same lifting 


Fria. 1.—The Goodyear Puritan, a non-rigid 86,000 cubic foot airship. 


Fig, 2,—The Los Angeles landing at Lakehurst on its initial voyage. 


capacity as the ships of 5,000,000 cubic feet capacity building in Great 
Britain. Helium is also considerably more expensive. Some feel, 
Y 


AIRSHIPS OR DIRIGIBLE BALLOONS 537 


however, that the growing precautions against fire hazard will bring 
hydrogen into use in this country, although the first commercial services 
are likely to use helium, in spite of the increased expense. 

The advantages credited to the rigid-framework type of airship are 
that it can be built in larger sizes, that it is much safer as it divides its 


Fic. 3.—Skeleton framework of large rigid airship. 


gas capacity among numerous cells. The semi-rigid airship is usually 
a single-cell craft but has some metal framework, while the non-rigid 
ships, popularly known as “blimps” (a contraction of their original 
designation as B-limp type) are virtually free balloons with motors for 
driving them in the desired direction. As the lifting gas expands and 
contracts with changes in temperature, the bag of the non-rigid ship 
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has a smaller balloon or ballonet inside it, this being filled with air. 
When the gas expands with the heat of the sun or in high altitudes, it 
forces the air out of the ballonet and so prevents the loss of the expensive 
helium, or lifting gas. When the gas contracts, air is pumped into the 
ballonet so as to keep the bag taut at all times. 

The smallest, or pony, blimp ever built is believed to be the Pilgrim 
of 35,000 cubic feet;-about one-fourth the size of the usual non-rigid. 


Fig. 4—Framework with control car attached. 


Next came the Pilgrim of 50,000 cubic feet capacity, one-fiftieth of the 
Los Angeles and in August, 1928, the Puritan, of 86,000 cubic feet which 
is 128 feet long and 37 feet in diameter. 

Notable among the semi-rigid airships was the Norge in which the 
Nobile-Amunsden-Ellsworth expedition flew over the North Pole and 
which was lost on a later expedition. The first American-built semi- 
rigid airship is known as the RS-1 and has a gas capacity of 719,000 
cubic feet, about one-fourth the size of the Los Angeles. It is 280 feet 
long, has four engines of 300 horsepower each which give it a rated 
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speed of 70 m.p.h, a cruising radius of 1,100 miles, with a crew of nine 
men. The RS-1 can act as a mother-ship for airplanes, releasing them 
and picking them up after a flight. Instead of adding to the load of 
an airship, as might be supposed, a plane supports itself in the air below 
the ship, as long as the ship is moving at more than the stalling speed 
of the plane. For the same reason there is no upward reaction when the 
plane is released for flight. The only retardation, due to carrying 


Fig. 5.—Framework rigid ship showing partially covered. 


planes suspended, would be the drag through the air. For long flights 
provisions would be made to carry the airplanes inside the body of the 
airship. 

The illustrations that follow show the Goodyear blimp Puritan, 
in Figs. 1 and 2, the ship that is now the Los Angeles landing at Lake- 
hurst after her voyage from Germany. Figures 3, 4, and 5 are views 
of rigid airships under construction. In Fig. 6 is a composite picture 
of four sizes of airships, placed together for comparison, as to sizes. The 
largest, the oa-1 is one of the two now under construction for the U.S. 
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Navy. These illustrations are by courtesy of the Goodyear Tire & 
Rubber Company. 

The outstanding airship event of 1928 was, according to C. P. Burgess, 
Bureau of Aeronautics, U. S. Navy Department, the voyage of the 
Graf Zeppelin with passengers and mail from Friedrichchafen to Lake- 
hurst, N. J. The successful completion of the voyage in spite of bad 


Fia. 6.—Comparative sizes of four airships. 


weather and an accident to the port-stabilizer fin proved that the 
airship, like the steamship, has the ability to reach its destination 
in the face of adverse circumstances. Although the Graf Zeppelin 
took 110 hours it travelled 3,425 nautical miles as compared with the 
Mauretania’s record of 122 hours from Sandy Hook to Cherbourg, only 
2,925 nautical miles. 

The U. 8. 8. Los Angeles also made a notable voyage non-stop from 
Lakehurst via New York to Panama where it moored to the mast of 
the Patoka off the coast of Cuba and refueled. 
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The table gives comparisons between the Los Angeles, the Graf 
Zeppelin, and the ZRS-4, the latter being the designation of the two new 
airships being built at Akron by the Goodyear-Zeppelin Corporation for 
the U.S. Navy. The designs of these ships show a very great advance 
over any previous airships. They will have a speed of 72.8 knots, and 
a range of 9,180 nautical miles without refueling at 50 knots speed, as 
compared with 63.5 knots full speed and 3,500 nautical miles range at 
50 knots for the Los Angeles. Their hulls will contain hanger space for 
five small fighting or scouting airplanes. 


CoMPARATIVE CHARACTERISTICS OF THE AIRSHIPS 
Los Angeles, Graf Zeppelin, anv ZRS-4 


Airship 
Los Angeles |Graf Zeppelin! ZRS-4 

Nominal gas volume, cubic 

RCs Se A AR en 2,470,000 3,708 , 000 6,500 , 000 
Length overall, feet......... 658.3 16.2 785 
Maximum diameter, feet. ae 90.7 100.1 132.9 
Height overall, feet......... 104.4 110.6 146.5 
Grosset) pounds) ...7.:. 2. . 153,000 230 ,000 403 , 000 
eUsetulslitt) pounds. ......... 60 , 000 108 , 000 182 ,000 
Number of engines.......... I 5 8 
Total horsepower........... 2,000 2,900 4,480 
Maximum speed, knots...... 63.5 69.0 72.8 
Range at 50 knots, naut. : 

TINUE S Mepde PRMD Kae cae Ie, 3,500 6 , 850 9,180 
Slenderness ratio........... O28 CUS 5.90 
Ratio of useful to gross lift. . 0.39 0.47 0.45 


1 Nots.—For purposes of comparison, the Graf Zeppelin is assumed to be inflated with 
helium. When inflated with hydrogen and fuel gas, her range at 50 knots is about 9,000 
nautical miles. 


Names of Parts of Lighter than Aircraft.——The accompanying 
illustrations, Figs. 7, 8, and 9, show outlines of the non-rigid, semi-rigid, 
and rigid airships with the names of the main parts, as used by the 


National Advisory Council of Aeronautics. 
/ 
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Peeeeeet eet 


/-Air pipe to ballonet 


9-Bow cap and stiffeners 


17-Fin, horizontol 25-Mortingoles 
moanhoke 


64st tatrog v yore an pay ag Fe 

“Air valve a rope stowoge -Gas volve Rig J 
4-Balorced surface 12-Elevator (balonced) 20-Hard rail. 23-Rp panel 
$-Bollonet 13-Elevator control lines 2/-Hordling lines 29-Rudder (balonced) 
6-Ballonet manhole /4-Elevator control line toirleod 


22-Horn (rudder, elevator) 30-Rudder control lines 
23-Inflotion sleeve 3/-Suspension line, cor 
24-Inspection window 32-Valve operating lines 


/5-Envelope 


8-Bollonet valve cord = 16-Fin, vertical 


Fic. 7.—Non-rigid airship. 


1+ Air duct 13- Climbing shoft 25-Longitudinal diaphragm 

2-Air valve 14-Control cobles 26 -Mooring line 

3-Automatic and monuol 15-Orag rope (stowoge) 27-Observation plotfarm 
valve (gas) /6-Elevotor (balanced) ’ 28- Outer cover 


4- Axial suspension band 
5-Bolanced surface 
6-Bollost (wofer) 
7-Bollonet 
8- Bollonet blower 
9-Bow cop 
10-Bow stiffeners 
11-Cor(contro/ and power) 
(2-Cotenary 


17-Fin(horizonto/) 
18-Fin(verticol) 
19-Gos container 
20-Gosoline tonk 
2!-Glond 
22-Handling lines 
23-/nflation sleeve 
24-Keel,continuous from 

bow to stern (articuloted) 


293-Pneumotic bumper 

30- Rodiotor. 

31- Rudder (bolonced) 

32-Suspension wires 

33-Tronsverse diaphragm 

34-Valve hood 

35-Ven tilator 

36-Woll of cell under 
partial deflation 


Fic. 8.—Semi-rigid airship. ‘ 
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SECTION XIII 
1. CONSTRUCTION OF AIRPORT 


An airport means any locality, either of water or land, which is 
adapted for the landing and taking-off of aircraft and which provides 
facilities for shelter, supply, and repair of aircraft, or a place used 
regularly for receiving or discharging passengers or cargo by air. 

A landing strip, according to Department of Commerce Airways 
Division, is an area at least 500 feet wide which forms part of an airport, 
intermediate or auxiliary field, and which is suitable by natural condition 
or artificial construction for the landing and taking off of airplanes. 

Runway.—An artificial landing strip or portion thereof at least 100 
feet wide. When the natural condition of the ground is unsuitable for 
regular operation of airplanes, artificial preparation is necessary, using 
crushed stone, crushed slag, or other wear-resisting material in conjunc- 
tion with a suitable binder, in order to present a satisfactory surface 
under all ordinary weather conditions. The artificial runway may be 
laid down upon a landing strip, but it need not cover the entire area of 
the landing strip. 

Two-way, Three-way, and Four-way Fields.—<Airports and landing 
fields are styled two-way, three-way, four-way, six-way, etc., according 
to the number of directions in which airplanes may land and take off. 
A rectangular field which permits landing along its longest dimension 
only is a two-way field, as it may be approached from only two directions. 
A square field crossed diagonally by two runways provides four-way 
landing. A triangular field having runways with its sides is a sixway 
field. The best condition is that realized when a field is available for 
landing in all directions. Such an airport will be called all-way. 


NEED FOR AIRPORTS 


The necessity for well-designed airports has become apparent with 
the rapid growth of civil aeronautics. With the increase of air traffic, 
544 
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cities without airports are finding themselves in the same class as 
coastal cities without well-equipped, sheltered harbors. Naturally, 
those cities which possess good airports will attract present and future 
air commerce. ‘The existence of such airports and the favorable public 
attitude indicated by such possession will cause cities to be carefully 
considered as stopping points on the official civil airway of the United 
States. 

The commercial value of an airport is not its only consideration. 
It has an important value as a recreation facility similar to city parks, 
olf courses, equestrian trails, bathing beaches, etc., and it should be a 
municipal enterprise. The Air Commerce Act of 1926 recognizes this 
by providing that civil airports shall not be owned or operated by the 
Federal government. 

In general, the airport should be:large enough for absolute safety of 
operation, easy of approach from all directions, and quickly reached 
from the city. It should be planned to care for future rapid increases 
in aeronautics. At first, the municipal hangars may be available 
for housing public planes and public transport craft. Later, when 
traffic becomes too heavy, the municipal airport may become a place 
for the taking on and discharging of passengers, mail, express, and freight. 
It will be to the airway what the railroad terminal is to the railways. 
After unloading, the transport planes will be flown to larger fields on the 
outskirts of the city, where they will be serviced and held until ready 
for return trips. 


SELECTING THE SITE 


Basic Requirements.—The field should be firm, approximately level, 
well drained, without obstructions or depressions presenting hazards in 
taking-off and alighting, and with clear and safe approaches. By hazard 
is meant any obstacle, object, or condition that renders operations 
dangerous under any expected conditions. 

If no site can be found to fulfil the highest requirements, then the 
field should permit the laying out of at least two landing strips 100 or 
more feet wide, the angle of crossing or converging to be not less than 
45 degrees. These landing strips, whether runways or natural surfaces, 
must permit safe landing under ordinary weather conditions. This 
includes average rainfall and snowfall. 
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The field should permit margins of at least 100 feet between the outer 
edges of the landing strips and the boundaries of the field. 

The site should be situated on (or capable of immediate connection 
thereto) a good highway leading to the nearest city or town. 

Prevailing Wind.—The direction of the prevailing wind is always 
important, as airplanes, in most cases, land directly into the wind. 
Cross-wind landings can be made in light planes and in heavier planes by 
expert pilots, but this practice is not recommended, especially in aircraft 
used for public transportation. When the airport is not avaliable for 
landing in all directions, the longest landing strip should, when possible, 
be aligned with the direction of the prevailing wind. If not possible, 
the nearest approach to this condition should be made. 


CONSTRUCTION OF BUILDINGS AND EQUIPMENT 


Location of Buildings.—Airport buildings should be arranged along 
the side of the landing area, where they will interfere least with landing 
and taking-off. In case of a rectangular field, this will be easy of appli- 
cation, as the buildings can be arranged at the edge of the field. This 
will not seriously reduce the available landing area, as would be the case 
if the field were square. Whenever an adjacent strip of land offers 
possibilities for the sites of hangars, shops, etc., it should be used, 
rather than have the landing space cut down. There is no recognized 
form of layout for buildings, as those will vary with each field. 

A section of an irregular-shaped field, which would be unavailable 
for landing, may be used for location of the necessary buildings, thus 
removing these obstacles from the portion used for operations. 

The buildings should be placed most conveniently for connection 
with water, light, and power mains. They should also be well spaced 
to reduce fire hazard. Provision should be made for a road to connect 
with the highway, giving the most direct line without crossing the 
landing area. 

In the larger airports, where there is need for a railroad spur or a 
siding, the tracks should be laid along the rear of the buildings. To 
eliminate unnecessary operation on these tracks, the supply buildings 
should be placed as close as possible to the main line. 

All of these considerations should be considered, after the most 
important factor of clear approaches and largest landing area is settled. 
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-Fuel Supply.—The fuel-supply system should be located most con- 
veniently for servicing planes without unnecessary taxing. In small 
airports, it may be placed near the road, so that gas and oil may be 
supplied to automobiles also, thus adding to the revenue. In larger 
airports, a fuel truck may be used, but this will not be warranted in 
most cases.. Ordinarily, the supply tank should be placed underground 
and at some distance from the outlets. One method is to have a regular 
filling-station pump connected by piping to a trap containing a coil of 
hose. Planes can be taxied to the trap, gassed, and moved away under 
their own power. The trap lid is flush with the field, so that there is 
no obstruction. At smaller fields, a filling-station pump can be used 
with only a slightly longer length of hose than that customary for 
automobiles. The local oil company will usually be willing to install 
such a pump. 

Oil and water can be supplied from the fuel shed, as required. If the 
field is not near a water main, a well may be sunk. Water containing 
alkali should not be used for radiators. 

Hangars.—The number and size of hangars required depend on the 
size and importance of the landing field. The number and size of 
hangars depend upon the expected traffic. It is well to start with a 
single hangar at least 100 by 60 feet. Others may be added as required. 

Where the ground is frequently soft or muddy, the hangars should 
be connected with landing strips by a specially prepared surface of 
cinders, concrete, slag, gravel, or other suitable material. Such an area 
is usually used for blocking up wheels of planes during the ‘‘ warming-up” 
process. 

Marking.—Roofs of hangars should be properly marked for identi- 
fication of the airport and for giving such other information as may be 
necessary. Figure 1 illustrates hangars marked for the guidance of 
pilots. 

Shops.—If air traffic warrants, there should be separate shops. 
The larger airports will naturally provide for this, but when the initial 
investment must be held down, the shop may be placed within a hangar, 
usually at the rear. The kind of machinery, tools, miscellaneous 
equipment, etc., in the shop depends on the number of planes to be 
serviced. There should be facilities sufficient to permit change of 
engines and landing gear as well as minor engine and plane repails. 
This does not require any elaborate device. A small derrick or other 
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lifting apparatus may be used. Block and tackle swung from hangar 
girders is not recommended, as this may strain the cross-members 
excessively. 

Field Station and Restroom.—The restroom required by the rating 
regulations may be in the same building as the field station, which 
serves as an office, weather-information station, and, in some cases, 
as a waiting room. The bulletin board or other means for giving pilots 
the latest weather information should be placed in a conspicuous place. 


Fig. 1—Hangar markings in accordance with aircraft regulations—McCook 
Field, Dayton, Ohio. 


The operations manager or, in the case of smaller fields, the man in 
charge of the airport, should have a clear view of the whole landing 
area and all buildings. This may necessitate his being stationed in an 
elevated position, perhaps a small tower having vision in all directions. 
At the smaller airports, no elaborate tower would be necessary. There 
should be a telephone at the field station. This office is the point at 
which all visiting pilots will expect to receive information on the weather 
and other necessary matters connected with flying in that territory. 
All activities of the field should be centered and controlled at this office. 
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Sleeping Quarters.—The sleeping quarters need not conform to any 
particular standard, so long as they afford reasonable comfort, light 
and heat, and toilet facilities. 


Bes Oe Lengi i oF. wind indicator --->| 


Fig. 2.--Standard wind cone. 


Wind Indicator.—A wind indicator is a necessity at all airports and 
landing fields and is required by the basic regulations. No particular 


¥1q. 3.—Radio and wind-direction towers, Templehof Airport, Berlin, Germany. 


standard is mentioned in the basic requirements, but the type used 
should give as efficient service as that approved by the Department of 
Commerce for intermediate fields. This is illustrated in Fig. 2. 
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Night illumination of the wind indicator and the use of an illuminated 
wind indicator are discussed under Night Lighting. This approved 
type of wind indicator is constructed of fabric equal to grade A mer- 
cerized-cotton wing fabric and should be white. It should be properly 
cut, fitted, and strongly stitched. Both ends should be triple lapped 
and double stitched. Bands at each end should be taped with cotton 
fabric before fitting and sewing of the wind-indicator cone. 


Fig. 4.—Illuminated wind direction T, 


Other designs of wind indicators are more elaborate. Figure 3 shows 
a more expensive type of wind indicator. This is located at Templehof 
Airport, Berlin, Germany. Any type may be used which will give 
sufficient aid to pilots in learning the direction of the wind. The illu- 
minated wind T, shown in Fig. 4, is also a good day indicator. 

Light and Power Lines.—If it is not possible to place light and power 
mains underground, the poles should be removed to a safe distance 
from the boundaries of the landing area or placed in the rear of buildings 
and not higher than the tops of these buildings. In all cases, poles, 
cross-trees, transformer boxes, etc., should be painted to give the utmost 
visibility. Night lighting of these obstructions is discussed under 
Night Lighting. 
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Fire-fighting Equipment.—As stated in the rating regulations, there 
is no definite rule for the fire-fighting equipment needed, as this will 
vary with each airport in regard to the type of apparatus used. Fire 
extinguishers of approved type should be readily available in sufficient 
numbers at hangars, shops, fueling points, and other buildings. 

Sand is helpful for extinguishing gasoline or oil fires in hangars or 
shops. For ordinary fires, there should be sufficient outlets on the 
water mains to protect all structures. Floors of hangars and shops 
should be kept clear of grease or covered with sand to reduce fire hazard. 

Restriction of Landing and Embarkation Areas.— No one but person- 
nel directly connected with the operation of the airport should be 
allowed on the landing field proper. The entire area should be fenced. 
If funds permit, close-spaced wire fencing, or similar barriers, should 
be used. Protection from propellers in embarking and disembarking 
areas may be obtained by erecting special enclosures into which the 
nose of the plane may be taxied, thus cutting off the propeller-swept 
area from the passengers. Another method provides for barring off the 
danger area by swinging a long gate against the wheels of the plane. 

Protection of Unhoused Planes.—When hangars are not available, 
there must be some reliable method of securing airplanes to prevent 
damage by storm. One system is to stretch a tarpaulin over the entire 
plane, pegging it to the ground on all sides. Another plan is to run 
lines from the wing tips and the tail to stakes prepared for that purpose. 
Additional lines may be run to landing gear and struts if a violent 
storm is expected. Sandbags should be available for weighting down 
planes in emergencies. 

Remote-control Radio.—When a radio station is operated from the 
airport, it is desirable to have the towers and antennae removed to a 
safe distance and operated by remote control. The menace of these 
obstacles is thus eliminated. 


DAY SIGNALS AND IDENTIFICATION MARKINGS 


Marking of Fields.—Each field, according to the proposed rating 
regulations, should have a 100-foot circular marker, as in Fig. 5, with a 
4-foot band. The name of the field or city should be near the circle. 
This marker should be placed in the center of fields which are clear for 
landing in all directions. Figure 6 shows Lunken Field, Cincinnati, 
Ohio, marked in this manner. 
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The easiest way to construct this marker and the name is to spade up 
the ground for the circle and the letters, removing the earth to a depth 
of about 6 inches. The resulting 
holes can then be filled with smooth 
> stones to the level of the field, so 

that planes may pass over them 
; without difficulty. Whitewashing 
~4 the stones will make a good marker 
visible from several thousand feet, 
depending, of course, upon the 
height of the letters. The mini- 
mum height for a letter should be 15 
feet. If stones cannot be obtained, 


Al RVILLE concrete may be used without great 


Fic. 5.—Landing field marker with additional cost. f p 
runway indicators. Local Guides for Pilots.—It is 


important to have the roofs of factor- 
ies, storehouses, or other, large buildings in the nearest city marked, so 
that any pilot reaching a city may find the airport without a prolonged 


Fie. 6.—Lunken Field, Cincinnati, Ohio. 


search for it. The airport authorities should try to have neighboring 
villages identified by roof markings, so that pilots maybe able to check 
their courses. 


wy 
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Marking of Runways or Landing Strips.—Where the entire field is 
not available for landing, the landing strips or runways should be 
identified and indicated by arms projecting from the circle. In Fig. 5 
are shown the dimensions of the arms for marking a standard four-way 
field with runways or landing strips. 
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Fic. 7.—Markings showing direction and route number. 


Hangar-roof Markings.— Roofs of hangars or other structures on the 
airport having appropriate areas should be marked as indicated in 
Fig. 1. The symbols and letters should be made in dull white against a 
dull black background. The arrow with a letter N superimposed 
should point true north and not to magnetic north. Local surveyors 
can furnish this direction without difficulty. The letters of the name 
should be made high enough to afford easy visibility from at least 3,000 
feet. Although it is not necessary to have the arrows pointing to 
other cities, they may be added when there is sufficient space. 
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Much thought is being given to aiding the airman by the display 
of suitable signals to give him his location and also to direct him to 
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Fie. 8.—Emergency field Fig. 9.—Marker pointing to 


marker. airport. 


the nearest airport or emergency landing field. Several suggestions 
along this line are given in the accompanying sketches. In Fig. 7 
the one on the left is a compass direction, showing the north, while the 
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Fie. 10.—Pointer to Fia. 11.—Seaplane Fig. 12.—Pointer to 
emergency field. anchorage. seaplane anchorage. 


other gives a route number, much as the automobilist now finds in all 
parts of the country. This shows route 4 and the square blocks indicate 
the direction of the route. Standard landing fields are marked as in 


~~ 
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Fig. 5, while Fig. 8 shows an emergency landing field and consists of 
a cross 50 feet long by 4 feet wide. Figure 9 is a marker pointing the 
way to an airport, while Fig. 10 points to an emergency landing field; 
the cross corresponding to the emergency field marking. Figure 11 
marks a seaplane anchorage marker and Fig. 12 a pointer to such an 
anchorage, while Fig. 13 shows the French 
system of giving the direction and distance; CJ LC] | | 
the two dots on each side meaning 22 miles. 
While radio communication is the desir- 
able method of information between planes 
and the ground, some of the transport com- 
panies have arranged ground signals that 
can be seen by pilots if the visibility is 
good enough. A short-armed white cross, for example, informs the 
pilot that he is to land for weather reports. 


Fic. 13.—French system of 
giving direction and distance. 


NIGHT-LIGHTING SYSTEM 


List of Equipment.—The equipment for airports completely lighted 
for use at night includes the following: 


. Airport beacon. 

. Illuminated wind-direction indicator 
. Boundary hghts. 

. Floodlights. 

Signal lights. 

. Ceiling projector. 

. Hangar floodlights. 

. Auxiliary lights. 


ONAMHARwWhe 


Airport Beacon.—The purpose of the airport beacon is to indicate 
the location of the landing field. It should be installed at such a point 
as least to obstruct the landing area. It should be mounted on a 
structural tower with a suitable platform for tending the light, as shown 
in Figs. 14, 15, and 16, or installed on a tower with a platform surmount- 
ing the hangar buildings, the light being at such a height as: to project 
the beam above all surrounding obstructions. The requirement for a 
beacon light is adequate candlepower and a distinet characteristic. 
The standard 24-inch revolving beacon has been used with satisfactory 
results for marking airports. _The standard beacon is fitted with a 


& 
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parabolic mirror and a 1,000-watt, T-20, airway incandescent lamp 
showing a light of over 2,000,000 candlepower. A recommended 
addition is a lamp exchanger, which automatically switches a new lamp 


Fie. 14.—Airway revolving beacon with wind cone and small power house. 
(Courtesy Westinghouse Electric and Manufacturing Co.) 


into focus in case of lamp failure. The standard beacon consists of a 
searchlight drum mounted in a yoke on a base containing a motor and 
operating gears driving the beacon around the horizof at 6 or 9 r.p.m. 
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The construction is such that the mechanism should require oiling at 
infrequent intervals. The beacon is normally elevated at an angle 
equal to half of the beam spread, so as to project the greatest quantity 


of light into the sector used by aircraft. 
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Fic. 15.—Route beacon station for night airways. 


Other types of beacon lights meeting these requirements may be 
used. Commercial current should be used whenever practicable, but 
pole lines extending commercial current to landing fields should not be 
installed so ag to constitute obstructions. When commercial current 
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is not available, an engine-driven generating plant may be installed 
(see Fig. 17). 

Ceiling Projector.—A ceiling projector, through a narrow beam of 
light elevated at an angle of 45 degrees, is used to determine the height 


Fie. 16.—Sperry 24-inch rotating beacon. 


of clouds, fog, or mist at an airport. The height is determined by 
pacing the distance from the projector to a point directly under the 
light spot appearing on the clouds or fog. This distance X is equal to 
the ceiling height. The apparatus used is a narrow-beam incandescent 


wn 
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projector approximately 12 to 18 or 24 inches in diameter, with a para- 
bolic mirror and a 100-watt concentrated filament lamp. The ceiling 
projector should be fitted with stray-light shields so as to concentrate 
the beam. 


Fic. 17.—Westinghouse generating equipment for isolated searchlight beacons. 


The standard illuminated wind cone can be mounted in a suitable 
location on top of the hangar or on a side bracket attached to the beacon 
tower, as in Fig. 14. The wind cone ordinarily used is from: 18 to 30 
inches in diameter at the throat, from 8 to 12 inches at the tail, and 
from 8 to 16 feet long. It is constructed of No. 1 mercerized-cotton 
wing fabric treated with a chrome-yellow dye so as to increase its 
visibility. The wind cone is mounted so as to fly with the wind, suitable 
brass or galvanized fittings being used to permit rotation. 
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The wind cone may be internally or externally lighted. The internally 
lighted wind cone is a lamp mounted at the throat with a suitable 
reflector throwing the light into the cone. The wind cone will revolve 
and indicate the direction of the wind. A slip- 
ring assembly is used for carrying the current to 
. the lamp. A lamp of not less than 200 watts 
in the reflector is required. When the cone is 
externally lighted, a number of reflectors are 
mounted on the standard above the wind cone, 
the light being projected downward, thus flood- 
lighting the cone. This is usually not so satis- 
factory as the first method. 

Another type of wind-indicating device utilizes 
fixed and flashing green lights mounted on a suit- 
able vane showing the direction of the wind. In 
the case of the flashing light, the speed of the 
wind is shown by a device which revolves at a rate 
of speed commensurate with the wind velocity 
and eclipses the light. 

Boundary Lights.—White boundary lights, 
such as are shown in Figs. 18 and 19, show the 
outline of the landing field. They should be 
spaced not more than 250 feet apart and closer 
spaced in the case of smaller fields. The circuit 
for the boundary lights may be series or multiple 
type. When floodlight units are installed in the 
boundary circuit, the series circuit with a con- 
stant-current transformer is probably the more 
economical. In series lighting, a safety coil 
should be installed at the base of the boundary- 
light standards, so as to prevent contact with 

Fic. 18.—Boundary high-tension current in the event of a collision, 
light. (Courtesy Gen- or else each light in the series circuit should 
eral Electric Co.) : : 

be mounted in a series film cutout Mogul 
socket. The lamps used in connection with series lighting should be 
600-lumen, S-2414, 6.6-ampere street-lighting lamps. The standard 
boundary globes should be of opal glass, if clear lamps are used, so as to 
prevent glare. In series light, the circuit is carried around the field, 
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using 2,500-volt No. 8 B. & S. cable. High-tension current up to 
2,300 volts is used in the series circuits. 

When the multiple circuit is used, the electric lamps of the boundary 
lights should not be less than 25 watts in size, and the inside frosted 
type mounted in boundary fittings, having clear-glass globes. The 
Holophane units for boundary lighting are very satisfactory. At the 
extremity of landing strips, green lights should be installed, giving 


Fig. 19.—Construction of boundary light. (Courtesy General Electric Co.) 


the range of the landing direction and showing the best approaches to the 
landing field. On the sites having obstructions, preventing an approach 
from that direction, red lights should be installed in the boundary- 
lighting system. Larger-wattage lamps should be used, in connection 
with colored lights, so as to show the same brightness as the boundary 
lights. Pilots unfamiliar with the landing field will thus be given 
necessary information in regard to the best landing conditions. 
Floodlights.—Airports should be floodlighted for night landing. 
Ground-surfaée conditions shall determine what method of floodlighting 
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is most desirable. The equipment and installation shall meet the fol- 
lowing requirements: 


1. Elimination of glare and of blinding of pilot. 
2. Properly directed light from correct height. 
3. Adequate light uniformly distributed. 

4, Elimination of shadows. 


Light projected on a field grazes the surface, and particles, such as 
pebbles, blades of grass, etc., facing the light are illuminated to a greater 
extent than horizontal surfaces. Floodlights are therefore elevated 
slightly but not to an extent that will create a glare or blind the pilot. 


Fie. 20.—Floodlight-Fresnel lens type. (Courtesy General Electric Co.) 


The ground color will vary, causing a different degree of illumination, 
depending upon the color, and this fact should be considered in deter- 
mining the lighting requirements. The amount of illumination required 
for night landing should approximate 14 foot-candlepower. The lights 
should be fitted with louvers to prevent the upwardsdiversion of light. 


A sharp cutoff is essential. + 
4 


' 
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There are several types of floodlighting equipment available. One 
type is a large, dioptric Fresnel lens with a high-intensity are or a 
5- or 10-kilowatt incandescent lamp. The distribution of light is shown 


Fig. 21.—Sperry landing floodlight. 


in Fig. 20. The equipment is installed in such a manner that no stray 
light is included upward to blind the pilot. The lens is elevated from 
5 to 15 feet above the ground, and the light projected through the 
Fresnel lens through a horizontal angle of 180 degrees, illuminating the 
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entire field. A narrow screen is sometimes installed to provide a dark 
sector in the direction of aircraft about to land, and this screen is adjusted 


ee ie ee ee ee 


Fic. 23.—Typical airport lighting. (Courtesy General Electric Co.) 


to meet varying conditions. Similar apparatus is sometimes mounte¢ 
on a chassis and moved to any desired location. 


7 
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Another type of landing-field floodlighting equipment is the 24-inch 
parabolic reflector unit with a 40-degree spreadlight lens installed 
(Fig. 21). The lamp is a 1,500-watt, concentrated-filament incandes- 
cent lamp. The floodlights are grouped along the sides of the field, 
the landing of the aircraft taking place in a direction at right angles to 
the projected light as in Fig. 22. When economy is a necessity, the 
lights in two of the four sides may be eliminated, the lights being grouped 
according to the prevailing winds. When landing becomes necessary 
in a direction at right-angles to the prevailing wind, the lights along one 
side are extinguished so that the aircraft will not land into the light. 

The installation of landing-field floodlights should be made in accord- 
ance with the recommendations of the equipment manufacturer. Figure 
23 shows typical airport lighting. 

Signal Lights.—For communication between airports and airplanes, 
there should be installed an efficient means of signaling, with a standard 
set of signals giving necessary information in regard to weather, landing 
conditions, etc. A suggested system is to have a panel containing a 
number of electric lights wired so that-different units may be switched 
on so as to show distinct symbols. The parel should be placed in a 
conspicuous position on the roof of a hangar or other suitable location. 
The Department of Commerce has worked out a system capable of 
being used for day and night signalling. 

Hangar Floodlights.—The exterior of each hangar should be flooded 
with a system of lights, to assist the pilot to judge his elevation above 
the field when landing at night. The sides of the buildings, as well as 
the roofs, should be floodlighted. The usual floodlighting equipment 
is a system of industrial reflectors with 200- or 300-watt lamps, a number 
of floodlight projectors, or a combination of both. The industrial 
reflectors are made of various shapes to direct the light in the most 
advantageous manner to illuminate the surfaces required. The indus- 
trial reflectors are usually mounted about 10 feet above the roofs of the 
hangars and buildings should be air marked to show the name of the 
airport which is floodlighted at night. Hangar sides should be painted 
white so as to reflect the lights from the floodlighting equipment. If the 
airport is not located on an airway, an arrow should be installed to 
show the direction and distance to the nearest beacon on the airway. 

Auxiliary Lights.—All obstructions on or near the airport, such as 
poles, windmills, buildings, ete., should be surmounted by red obstruc- 
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tion lights in fittings similar to the light standards, as shown in Figs. 18 
and 19. Major obstructions, such as radio masts, should be marked 
by flashing red lights 60 to 100 flashes per minute. 

Two-color Airport Beacons.—A new beacon by the General Electric 
Company (Fig. 24) incorporates two fundamental principles of lighting, 
each a distinct aid to night flying. It provides a fan of light through 


Fie, 24.—Two-color airport beacon. 


180 degrees in a vertical plane and this plane rotates about a vertical 
axis enabling the pilot to see the unit from any angle at which he may 
approach the field. Opposite each white light there is a red light, 
aimed in a similar direction, thus providing a color which by its distine- 
tiveness enables the pilot ‘to identify an airport, as colors can be choser 
to distinguish airports located near together, from each other. Many 
pilots have commented favorably on this unit, oné*of which is locatec 
at the Cleveland Airport. 
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SEAPLANE PORTS AND ANCHORAGES 


The selection and equipment of a seaplane port are treated separately 
from landing fields, although the general requirements are similar. 

The port should be located on or directly connected with a body of 
water calm enough for operations in all but violent weather. The 
area should be sufficiently large and deep to permit landing and taking- 
off of seaplanes and flying boats without hazard. If the point at which 
the hangars are located is adjacent to a small body of water suitable 
only for taxiing to the larger body, the connecting stream or canal 
should not be so long as to require excessive taxiing, with consequent 
overheating of engines. 

The general rules as to obstacles, prevailing wind, proximity to city, 
transportation and communication, light, power and water mains, and 
clear approaches, previously outlined for land airports, apply equally 
to seaplane ports. In addition to obstacles in landing and taking-off, 
the matter of obstructions in or under the water should be carefully 
considered. The minimum satisfactory depth for operation of flying 
boats is 6 feet. Rise and fall of tide at coastal ports should be considered 
in this connection. 

Department of Commerce Regulations covering both landing fields 
and seaplane anchorages follow: 


BASIC REQUIREMENTS FOR RATING OF AIRPORTS FOR LAND- 
PLANES 


The minimum basic requirements for the rating of airports are as 
follows: 


(a) Suitable Landing Area.—The airport shall afford a firm, smooth, 
well-drained landing area, approximately level, without obstructions or 
depressions presenting hazards in taking off or landing, and with suitable 
approaches. If sufficient area is not available for landing and taking off 
in all directions, there shall be at least two landing strips 500 feet or more 
in width crossing or converging at an angle or not less than 60 degrees. The 
landing area shall permit safe landing and taking off under all ordinary 
weather conditions. If the surface of the landing area is not sufficiently 
firm and well drained for this purpose, runways shall be constructed as 
hereinafter specified. Roads shall not cross any part of the landing area, 
whether open field or landing strips, and stock and unauthorized persons 
and vehicles ghall not be allowed on the landing area, as this area must be 
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kept clear and ready for use at all times. The maximum slope of the 
landing area shall at no point exceed 3 inches in 10 feet, which corresponds 
to a grade of 214 per cent. The mean slope of the landing area shall not 
be more than 2 per cent in any direction. 

(b) Freedom from Obstructions.—For fields located at sea level, surrounding 
obstructions diminish the effective landing lengths for planes landing or 
taking off over these obstructions by amounts equal to seven times the 
height of the obstructions above the landing area, said distances being 
measured, in each case, horizontally from vertical lines passing through the 


ALTITUDE ABOVE SEA LEVEL IN FEET 


Fig. 25.—Allowable safe landing ratios for clearing obstructions at altitudes 
above sea level, based on a ratio of 7 to 1 at sea level. 


critical points of the obstacles. For instance, obstacles 50 feet high along 
the border of a field diminish the effective landing length for planes landing 
or taking off over these obstacles by 350 feet. In the case of landing strips, 
the presence of obstacles in the approaches will likewise diminish the effective 
lengths of the landing strips. Where obstacles lie alongside the landing 
strips, so that planes landing pass parallel to and not over them, the obstacle 
rule of 7 to 1 will not apply, providing that no landing strip shall be less than 
500 feet wide, in accordance with paragraph (a) of basic requirements. 
However, the location of buildings or other obstructions in the V formed by 
landing strips or runways is subject to a number of objections. 

For fields located at altitudes in excess of 1,000 feet above sea level, 
the allowable safe-climbing ratios for clearing obstruction$ shall be increased 
from the value of 7 to 1 used at sea level to the values shown in Fig. 25. 


be 
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(At altitudes above sea level, airplanes land and take off at higher speeds 
and climb at flatter angles than at sea level.) 

(c) Accessibility.—The airport shall be situated on a good road leading to 
the nearest city or town. 

(d) Wind-direction Indicator—The airport shall be equipped with an 
approved type of wind-direction indicator, as hereinafter specified. 

(e) Markings.—The landing area shall be marked by means of a circle at 
least 100 feet in diameter having a band 4 feet wide, constructed of crushed 
rock, gravel, or other suitable material as in Fig. 5. The circle shall be 
finished flush with the surrounding surface and unless constructed of a bright 
white material shall be kept whitewashed or painted chrome yellow. In 
case the circle is constructed of concrete or other similar material, shoulders 
of some granular material, such as crushed stone or crushed slag, or other 
suitable means shall be provided on both the inside and outside of the circle 
in order to insure the safe landing and taxiing of planes across the circle in 
any direction. 

The name of the city or town shall be placed near the marker circle (Mame 
should not be placed inside of circle) or on the roof of at least one airport 
building, or on other suitable area, in such manner as to be visible from an 
altitude of at least 2,000 feet. (Lettering should be from 10 to 30 feet in 
height as space may permit.) In no ease shall the height of the lettering 
be less than 6 feet. In case the name of the city or town or any other mark- 
ing is placed on the landing area, it shall be constructed and maintained 
in the manner hereinabove required for the marker circle. 

(It is recommended that, wherever practicable, a combination of chrome 
yellow and dead black be used in air-marking roofs and other similar areas 
and that, particularly in cases where the markings are to be illuminated, 
the chrome yellow be used for the lettering and other symbols, and the dead 
black for the background.) 

The outline of the usable portion of the landing area shall be marked by 
means of painted galvanized sheet-metal cones not less than 36 inches in 
diameter at the base by 24 inches in height, or solid 4-foot white or chrome 
yellow circles constructed of crushed stone, gravel, or other suitable material, 
or by means of other markers of equivalent effectiveness, placed not more 
than 300 feet apart along the borders and kept whitewashed or painted. 
In case the landing area is boundary-lighted, the markers shall be constructed 
around the boundary lights. In case sheet-metal cones are used, they should 
be painted in accordance with the following standard system of marking: 
For either white or yellow lights, chrome yellow with an 8-inch horizontal 
dead black stripe 9 inches from the base of the cone. For green lights, eight 
equal segmental elements, alternating chrome yellow and dead black, each 
element covering a 45-degree segment of the surface. For red lights, light 
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vermillion with an 8-inch horizontal white stripe 9 inches from the base of 
the cone. These figures are for cones measuring 36 inches in diameter at 
the base by 24 inches in height; if cones of larger dimensions are used the 
width of horizontal stripe and height of stripe above base of cone should be 
varied accordingly. 

Any parts of the landing area temporarily unsafe for landing, or which 
are not available for any cause, shall be clearly marked with red flags of 
sufficient size to draw attention readily and so placed as to show the bound- 
aries of the danger area. In case the airport is lighted for night operation 
the boundaries of such danger area shall be clearly marked throughout the 
hours of the night (from sunset until sunrise) either with red electric lights 
with weatherproof fittings or with red lanterns. 

(f) Runways.—Runways shall be constructed of some wear-resisting 
material, such as crushed stone, crushed slag, or other suitable material, 
in such a manner as to give a smooth, firm, uniform surface. (This includes 
such types of construction as bituminous macadam, bituminous concrete, 
Portland cement concrete, etc.) Runways shall be so designed and con- 
structed as to withstand safely the loads to which they will ordinarily be 
subjected. They shall permit safe landing and taking off under all ordinary 
weather conditions and shall be not less than 100 feet in width. The edges 
of the runways shall be flush with the adjacent surfaces of the field, and 
shoulders of some granular material, such as crushed stone or crushed slag, 
or other suitable means shall be provided in order to insure the safe landing 
and taxiing of planes across the runways in any direction. 

(g) Drainage.—The landing area shall be adequately drained whether 
runways are used or whether the entire field is available for landing and 
taking off. If the natural drainage is sufficient, no artificial drainage 
system will be required. 

(h) Fuel, Communication, Transportation, and Personnel.—The airport 
shall be provided with facilities for supplying aircraft with fuel, oil, and 
water, also drinking water shall be available. If there are no restrooms 
on the airport a suitable latrine shall be provided. The airport shall have 
dependable communication and transportation facilities to the nearest city 
or town. Airport personnel shall be in attendance by day or available on 
call by telephone at the airport. In the latter case, a directory and full 


instructions for reaching such personnel shall be available in the telephone 
booth or receptacle. 


RatTinG ON GENERAL EQUIPMENT AND FACILITIES 


A-Rating.—In addition to the facilities named in the basic requirements, 


airports receiving an A rating on general equipment and ‘facilities shall have 
the following: 
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(a) At least one hangar measuring not less than 80 by 100 feet in the 
clear inside with doors open, with 18 foot overhead clearance, with fullwidth 
door opening in either one or both ends or one or both sides, and with safe 
provision for heating water and oil: In localities where freezing tempera- 
tures are experienced the hangar shall be heated sufficiently to prevent 
freezing of water 

(6) One or more wind-direction indicators of an approved type, equivalent 
in effect to a wind cone not less than 12 feet long, 36 inches in diameter at 
the throat, 12 inches in diameter at the tail, constructed of open-weave 
unbleached yellow muslin, and so mounted as to fly freely with the wind. 
This wind-direction indicator shall be so located as to give a true indication 
0: the direction of the wind on the landing area and as to be readily visible 
to aircraft approaching the airport from any direction. In case it is not 
visible to aircraft approaching from any direction such additional wind- 
direction indicators shall be installed as may be necessary. 

(c) All telephone and transmission-line poles, radio towers and masts, 
transmission towers, flag poles, and similar obstructions in the immediate 
vicinity of the airport shall be day marked by painting with alternate bands 
of either chrome yellow and dead black, or white and dead black, terminating 
with either a chrome-yellow or a white band at the top, depending on the 
color combination used. The width of the bands shall be one-fifth of the 
height of the structure for all structures less 250 feet high and for structures 
over 250 feet high, the bands shall be 50 feet wide. Such structures as 
chimneys and water towers in the immediate vicinity of the airport are not 
required to be painted in this manner unless, in the opinion of the Secretary 
of Commerce, such painting is necessary from the standpoint of safety. 

The posts of landing-area fencing shall be painted either chrome yellow or 
white. 

(d) Repair equipment sufficient to permit changing of engines and landing 
gear and equipment for major engine and plane repairs. 

(e) Weather instruments, including an anemometer, barometer, and ther- 
mometer. There shall also be a bulletin board and facilities for giving 
pilots the most recent weather information. 

(f) Radio-receiving set and loud speaker, under certain conditions, as 
follows: Airports located within a radius of 400 miles of Department of 
Commerce Airways radio stations shall be equipped with suitable radio- 
receiving sets with loud speakers, in order that those using the airport may 
avail themselves of the hourly weather reports broadcast from said stations. 
As additional Airways radio stations are installed by the Department of 
Commerce, airports located within a radius of 400 miles of such stations and 
previously granted an A rating on general equipment and facilities shall 
provide themselves with suitable radio-receiving sets and loud speakers in 
order to retain this rating. 
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(g) Adequate equipment for removing snow from landing areas or landing 
strips or equipment for packing snow sufficiently to permit safe landing and 
taking off of aircraft. (This will not be required at airports where snowfall 
is never sufficient to cause difficulty in operation). 

(h) First-aid equipment consisting of an ambulance, or some vehicle 
which can be used as an ambulance, equipped with the following: First-aid 
kit, drinking water, crowbar, wire cutters, hack saw, ax, cloth-cutting 
shears, fire extinguisher, two litters. 

The first-aid kit should contain 12 assorted bandages, 12 sterile dressings, 
2 tourniquets, a supply of first-aid dressings for burns, adhesive tape, a 
supply of either tincture of iodine or mercurochrome, aromatic spirits of 
ammonia, and a paper or glass cup. 

The litters should preferably be of the Stokes Navy type. If they 
are of the ordinary type, then the vehicle should also carry an assortment 
of splints. 

(i) A register of arriving and departing aircraft to include the following 
information: 

1. License number and model of arriving or departing plane. 

. Owner of the plane. 

Pilot of plane and his license number. 

Time of arrival and departure. 

Number of crew. 

Number of passengers. 

. Space for remarks covering an unusual situation. 

(j) Adequate Fire-fighting Equipment.—As this depends on the size and 
number of buildings, spacing of structures, type of construction, etc., no 
definite rule can be made which will apply to each case, but such rating 
will depend upon recommendation of the department rep esentatives, who 
will be guided in a large measure by the standards of the National Board of 
Fire Underwriters. 

(k) Sufficient personnel in attendance throughout the day to give proper 
operation of the airport, including servicing aircraft, making major repairs, 
giving weather service, and operating the fire-fighting equipment. 

(1) Sleeping quarters for at least three men, in addition to the field per- 
sonnel, at the airport or not more than one-half mile distant. 

(m) Waiting and rest rooms on the field. 

(n) A restaurant or other public source of food supply. (If not actually 
on the airport, this shall be not more than one-half mile distant.) 

B-Rating.—In addition to the facilities named in the basic requirements, 
airports receiving a B rating on general equipment shall have the following: 
(a) At least one hangar measuring not less than 60 by 80 feet in the clear 
inside with doors open, with 14-foot overhead clearanee, with full-width 
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door opening in either one or both ends or one or both sides, and with 
provisions for heating water and oil as required for an A rating. 

(b). Wind-direction indicator, day marking of obstructions, weather 
instruments, adequate equipment for removing snow, first-aid equipment, 
fire-fighting equipment, and a register, all as required for an A rating. 

(c) Repair equipment sufficient to permit changing of engines and landing 
gear and equipment for minor engine and plane repairs. 

(d) Sufficient personnel in attendance throughout the day to give proper 
operation of the airport, including servicing aircraft, making minor repairs, 
giving weather service, and operating the fire-fighting equipment. 

(e) Sleeping quarters for at least two men, in addition to the field person- 
nel, at the airport of not more than one-half mile distant. 

(f) Restroom. 

C-Rating.—In addition to the facilities named in the basic requirements, 
airports receiving-a C rating on general equipment shall have the following: 

(a) At least one hanger measuring not less than 50 by 60 feet in the 
clear inside with doors open, with 12-foot overhead clearance, with full- 
width door opening in either one or both ends or one or both sides, and with 
means for heating water and oil as required for an A rating. 

(b) One or more wind-direction indicators as required for an A rating, 
except that wind cone shall be not less than 9 feet long, 24 inches in diameter 
at the throat, and 10 inches in diameter at the tail. 

(c) First-aid equipment, fire-fighting equipment, and a register as required 
for an A rating. ( The day marking of telephone and transmission--line 
poles and similar obstructions in the immediate vicinity of the airport as 
required for the A and B ratings is not required for either the Cor D ratings, 
but is most urgently recommended. ) 

(d) Restroom. 

D-Rating.—Fields which do not possess sufficient general equipment to 
obtain A, B, or C ratings, but which meet the basic requirements, will 
receive a rating of D on general equipment. 


Ratna on Size or ErrectivE LANDING AREA 


1-Rating.—In addition to the basic requirements, an airport receiving a 
“1” yating on size of effective landing area shall have at least 2,500 feet of 
effective landing area in all directions, with clear approaches, and the field 
shall be in good condition for landing at all times; or it shall have landing 
strips not less than 500 feet wide, permitting landing in at least eight 
directions at all times, the landing strips not to cross or converge at angles 
of less than 40 degrees, nor any one of the landing strips to be less than 2,500 
feet in effective length, with clear approaches. 
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By clear approaches is meant absence of buildings, towers, and other 
obstacles over which a 7 to 1 glide or climb to or from the edge of the landing 
area would not be possible, and absence of smokestacks, towers, high tension 
power lines, etc., which constitute menaces even though beyond the 7 to 1 
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Fig. 26.—Required effective landing and take-off lengths for all-way and light- 
way landing areas at altitudes in excess of 1,000 feet above sea level. 


ratio. See Fig. 25, p. 568 for increase in allowable safe-climbing ratio for 
altitudes in excess of 1,000 feet above sea level. 

When the airport lies at an altitude in excess of 1,000 feet above sea level, 
the dimensions of the effective landing area or the effective lengths of the 
landing strips shall be increased to the corresponding values shown in Fig. 26. 
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2-Rating.—In addition to the basic requirements, an airport receiving 
a 2-rating on size of effective landing area shall have at least 2,000 feet of 
effective landing area in all directions, with clear approaches, and the 
field shall be in good condition for landing at all times; or it shall have 
landing strips not less than 500 feet wide, permitting landing in at least 
eight directions at all times, the landing strips not to cross or converge at 
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Fic. 27.—Required effective length of landing strips for four-way landing areas 
at altitudes in excess of 1,000 feet above sea level. 


angles less than 40 degrees nor any one of the landing strips to be less than 
2,000 feet in effective length, with clear approaches; or it shall have two 
landing strips, one aligned with the general direction of the prevailing wind, 
permitting at least four-way landing at all times and having clear approaches, 
the landing strips to be at least 500 feet wide and not less than 3,000 feet 
in effective length and not to cross or converge at an angle of less than 


60 degrees. 
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The dimensions of the effective landing area and the effective lengths 
of the landing strips shall be increased at altitudes above 1,000 feet to the 
corresponding values shown in Figs. 26 and 27. 

3-Rating.—In addition to the basic requirements, an airport receiving a 3- 
rating on size of effective landing area shall have at least 1,600 feet of effec- 
tive landing area in all directions with clear approaches, and the field shall be 
in good condition for landing at all times; or it shall have landing strips not 
less than 500 feet wide, permitting landing in at least eight directions at all 
times, the landing strips not to cross or converge at angles less than 40 
degrees nor any one of the landing strips to be less than 1,600 feet in effective 
length, with clear approaches; or it shall have two landing strips, one 
aligned with the general direction of the prevailing wind, permitting at least 
four-way landing at all times and having clear approaches, the landing strips 
to be at least 500 feet wide and not less than 2,500 feet in effective length 
and not to cross or converge at an angle of less than 60 degrees. 

The dimensions of the effective landing area and the effective lengths 
of landing strips shall be increased at altitudes above 1,000 feet to the 
corresponding values shown in Figs. 26 and 27. 

4-Rating.—In addition to the basic requirements, an airport receiving 
a 4-rating on size of effective landing area shall have at least 1,320 feet 
of effective landing area in all directions, with clear approaches, and the 
field shall be in good condition for landing at all times; or it shall have 
landing strips not less than 500 feet wide, permitting landing in at least 
eight directions at all times, the landing strips not to cross or converge at 
angles less than 40 degrees nor any one of the landing strips to be less than 
1,320 feet in effective length, with clear approaches; or it shall have two 
landing strips, one aligned with the general direction of the prevailing wind, 
permitting at least four-way landing at all times and having clear approaches, 
the landing strips to be at least 500 feet wide and not less than 1,800 feet 
in effective length and not to cross or converge at an angle of less than 60 
degrees. 

The dimensions of the effective landing area and the effective lengths 
of the landing strips shall be increased at altitudes above 1,000 feet to the 
corresponding values shown in Figs. 26 and 27. 

5-Rating.— Airports not having landing areas meeting the minimum 
requirements for a 4-rating on size but which request rating, and which the 
Secretary of Commerce considers safe for the use to which they are being 
put, shall receive the rating of 5 on size of landing area. 

0-Rating.—An airport which, in the opinion of the Secretary of Commerce, 
is unsafe for operation, but from which operations are nevertheless taking 


place and which requests a rating, will be rated 0 on size of effective landing 
area. 
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Ravine on NicuHt-ticutina EquipMENT 


A-Rating.—Airports receiving an A-rating on night-lighting equipment 
shall have the following: 

(a) An Airport Beacon.—The requirements for a satisfactory aeronautical 
beacon light for airports are adequate candlepower, not less than 100,000 
for long range; proper distribution of light in the vertical plane to make 
the beacon visible all around the horizon and to the zenith, or nearly 
so, for altitudes of from 500 to 2,000 feet; distinctiveness for identi- 
fication; flashes of not less than 449 second duration; luminous period 
of not less than 10 per cent; and eclipse periods of not more than 10 
seconds duration. 

Apparatus having characteristics other than above specified but of 
equivalent effectiveness owing to greater luminous periods and shorter 
eclipse periods, greater candlepower, or color effect, may be used. In no 
case, however, shall the beam candlepower be less than 15,000 nor shall the 
luminous period be greater than 60 per cent. For beacons of 30,000 candle- 
power or less the luminous period shall be at least 35 per cent. Beacons of 
less than 20,000 candlepower shall have a distinctive color characteristic. 
All flashing beacons shall have a definite Morse code characteristic and 
shall be operated by flashing mechanisms so designed as not to interfere 
with radio reception. 

The beacon may have fixed lenses, or a combination of lenses, with a 
flashing-light source; flash-panel lenses; neon lights, with or without optical 
apparatus, to the equivalent specified above; or it may be a rotating beacon, 
making 6 r.p.m., with at least one parabolic reflector not less than 24 inches 
in diameter, or other equivalent optical apparatus, and a light source of 
not Jess than one 1,000-watt, 110-volt lamp or one 900-watt, 30-volt lamp. 
In the case of beacons having a single light source and automatic lamp 
changer for bringing a spare lamp into the focal position shall be provided 
or else there shall be an auxiliary beacon of at least 10,000 candlepower 
which is either kept in operation with the major unit or so designed as to 
be turned on automatically without interruption of service. 

Wherever practicable the airport beacon shall be installed directly on the 
airport or immediately adjacent thereto and in such manner as to be visible 
in all directions. In case the topography of the surrounding terrain is 
such as to necessitate installing the beacon at some distance from the 
airport, there shall be installed on the airport a green, flashing, double-light 
source auxiliary beacon of not less than 5,000 candlepower and with a defi- 
nite Morse code characteristic, or in lieu thereof, a white, flashing, double- 
light source auxiliary beacon of not less than 10,000 candlepower and with a 
definite Morse code characteristic. In no case, however, shall the distance 
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from the main beacon to the nearest edge of the landing area of the airport 
exceed 1 mile. 

(On the national airway system, flashing, red, course-lights are used at 
beacons where no landing fields are located, and flashing, yellow, course- 
lights are used at beacons where intermediate fields have been established. 
It is urgently recommended that green flashing, double-light source, aux- 
iliary beacons of at least 5,000 candlepower and with definite Morse code 
characteristics be installed on the airports in addition to the major airport 
beacons. It is suggested that, where practicable, the auxiliary beacons be 
installed directly above the major beacons. The uniform use of red, yellow, 
and green auxiliary beacons to indicate landing conditions would add 
materially to the safety of night flying.) 

(b) An Illuminated Wind-direction Indicator—There shall be at least 
one illuminated wind-direction indicator, internally or externally lighted, 
equivalent in effect to the wind cone described under the requirements for 
an A-rating on general equipment and facilities. Alamp of not less than 200 
watts with suitable reflector will be required for the internal lighting of 
this wind cone. For external lighting, a suitable system of lights and 
reflectors so mounted above the wind cone as to make it visible at night 
from a distance of 1,000 feet in any direction will be considered satisfactory. 

(c) Boundary Lights —The outline of the usable portion of the landing 
area shall be shown at night by boundary lights spaced not more than 
300 feet apart and served by an underground distribution system. Either 
series or multiple circuits may be used. 

The cable used for boundary-light circuits shall be insulated for at least 
the maximum open-circuit voltage obtainable on the circuit. The cable 
conductors shall be of copper, and for multiple circuits they shall be of such 
size that the voltage drop will not exceed 5 per cent of the normal operating 
voltage of the circuit, but in the case of neither series nor multiple circuits 
shall they be less than No. 8 B. & S. gage. In the case of multiple circuits 
using either a three-wire closed-ring circuit or a straight three-wire circuit, 
No. 10 B. & S. gage bare copper wire may be used for the third conductor. 
Such cable and wire shall be installed at a depth of at least 10 inches unless 
otherwise protected by suitable mechanical means. 

For series circuits having normal operating voltages in excess of 310 volts, 
a series trans ormer (safety coil) shall be installed at the base of each 
boundary-light standard to prevent accident through high-tension current 
in event of collision with the light. In the case of series circuits with operat- 
ing voltages of 310 or less, the use of such series transformers is not required, 
providing the maximum open-circuit voltage does not exceed 450 volts. 
A series circuit using two constant-current transformers with the secondary 
windings of these transformers connected in series and with both the point 
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of connection between these two secondary windings and a suitable point 
in the circuit effectively grounded, or other equivalent installation, may be 
used without the series transformers (safety coils) providing the operating 
voltage and the maximum open-circuit voltage at any part of the circuit 
do not exceed 310 and 450 volts, respectively. (A grounded circuit should 
not be installed without first finding whether it is in keeping with the practice 
of the power company supplying the current.) 

Suitable weatherproof units with either plain or prismatic globes are 
required for the boundary lights. On all series circuits these units shall be 
provided with cutout sockets. In event of lamp failure such sockets are 
necessary to reestablish the circuit in the case of straight series circuits 
and in the case of series circuits with series transformers (safety coils), to 
short-circuit the series transformer secondary. (An open-circuited second- 
ary sets up electromagnetic waves of such a frequency as to interfere with 
radio reception in the immediate vicinity.) 

Either white or yellow lights shall be used in the boundary-light system, 
excepting as follows: Where the entire field is not available for 
landing in all directions at all times, green lights shallbe so placed in the 
system as to indicate clearly the ranges of each landing strip or runway. 
Red lights shall be installed in the boundary system at points where an 
approach is particularly hazardous. 

In multiple circuits, at least 25-watt lamps shall be used for white and 
yellow lights and at least 50-watt lamps for green and red lights. In the 
case of series circuits, S-24-14, 6.6-ampere, 600-lumen lamps shall be used for 
white and yellow lights, and 1,000-lumen lamps for green and red lights. 
Diffusing globes or frosted lamps shall be used for all white lights to prevent 
glare. 

(d) Obstruction Lights.—All obstructions on and in the vicinity of the 
airport shall be clearly marked with red lights of the same wattage or lumen 
output as the red lights specified for the boundary circuit. Suitable weather- 
proof units shall be used and shall be mounted in each case above the highest 
point of the obstruction, or on poles of corresponding height placed along- 
side thereof. The use of a flashing mechanism in connection with the 
obstruction lights is not required or recommended; however, if such a 
mechanism is used it shall be so designed as not to interfere with radio 
reception in the vicinity. 

In marking pole lines, an obstruction light shall be placed on each pole. 
(While not required by these regulations, it is very desirable from the 
standpoint of safety that two obstruction lights be placed on end poles and 
on corner poles; otherwise, the burning out of the single light in such loca- 
tions may lead to serious results.) The lights marking such obstructions 
as a row of trees shall not be spaced more then 300 feet apart. 
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All tall isolated obstructions in the vicinity of the airport exceeding 100 
feet in height, such as radio towers and masts, flag poles, transmission 
towers, water towers, chimneys, and other tall structures, shall be marked 
with at least two red lights placed directly above the obstruction, and with 
one red light, or more, as may be necessary to give visibility in all directions, 
placed at two-thirds the height and also at one-third the height of the 
obstruction. In lieu of such red obstruction lights, chimneys, water towers, 
and similar structures may be marked by adequate floodlighting. 

(e) Hangar Floodlights and Roof Marking.—The exterior surface of each 
hangar on the airport shall be floodlighted to an average intensity of illumina- 
tion of at least 214 foot-candles. This may be accomplished by a system 
of at least 200-watt lamps with industrial reflectors mounted about 10 feet 
above the surface and spaced on 20-foot centers in each direction on the roof 
and along the eaves and ends of the roof, or by the use of floodlight projectors 
giving this specified intensity of illumination. Such projectors shall be so 
installed as not to produce a glare that will interfere with planes using the 
airport. The hangar floodlighting equipment shall be lighted at times 
when night landings are being made. 

The exterior surfaces of the hangars excepting roof areas used as the 
background for air markings, shall be of such a color as to reflect not less 
than 50 per cent of the light and at least one hangar roof, or other suitable 
area, shall be marked with the name of the city or town in the manner set 
forth on page 569. Said marking shall be so illuminated as to be visible 
from an altitude of at least 2,000 feet. (In case the marking is illuminated 
by exposed incandescent lamps or by neon tubes, the lamps or tubes should 
preferably be placed along the center line of the strokes of the lettering and 
other symbols and the roof should not be floodlighted. For outlining with 
incandescent lamps, not less than 10-watt sign lamps should be used and 
they should be spaced from 8 inches apart for 6-foot letters, to 12 inches 
apart for 12-foot letters or larger. Neon tubes should be either 11- or 16- 
millimeter by either 18- or 25-milliampere red-neon tubing. If the illumi- 
nation of the marking is by floodlighting, either industrial reflectors or 
floodlight projectors may be used, and the intensity of illumination 
should be at least 10 foot-candles and preferably 15 foot candles.) 

(f) A Ceiling Projector—For use as a ceiling projector there is required 
an incandescent searchlight with a parabolic reflector of not less than 12 
inches in diameter and with at least a 250-watt lamp of the concentrated 
filament type used for spotlight or headlight service and a stray light shield 
giving a beam spread of not to exceed 7 degrees, or an equivalent apparatus. 
(Projectors limited to these minimum requirements will not necessarily be 
large enough to handle the needs of every airport. In some cases, depending 
upon local conditions, it may be necessary to use units up to 24 inches in 
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diameter and with 1,000-watt lamps.) The-ceiling projector shall be mounted 
on a yoke with a quadrant or other suitable means for elevating and holding 
the light at the proper angle of elevation. In case the projector isused in 
such a manner as to necessitate the measuring of verticle angles, an inclinom- 
eter, transit, or theodolite shall be provided, or in lieu thereof, an alidade 
so graduated and installed as to give direct readings of the ceiling height. 

(g) Landing Area Floodlight System.—This system, which may consist of 
one or more units, shall be such as to provide an even distribution of illumina- 
tion (free from abrupt changes in intensity and from shadow areas over the 
entire usable portion of the landing area.) There shall be sufficient intensity 
of illumination to reveal the details of the surface and make depth perception 
readily possible from a minimum altitude of 30 feet in the center of the 
lighted area. The minimum vertical plane intensity of illumination over the 
usable portion of the landing area shall not be less than 0.15 foot-candle. 

The floodlight system shall be immediately available for use through the 
operation of controls located at convenient points and shall be sufficiently 
elaborate or flexible to permit landing under all conditions of wind direction 
without the necessity of landing directly toward the light source. 

There shall be sufficient light to illuminate objects and obstacles in the 
immediate vicinity of the airport in the direction of the beam and the flood- 
light unit or units shall be so designed and installed as to eliminate glare 
and blinding of the pilot. 

Units shall be mounted as low as possible consistent with the contour of 
the landing area, shall project a beam of small vertical divergence with sharp 
cutoff at the top and with top of beam as nearly parallel with and as close 
to the surface of the landing area as practicable. When more than one unit 
is used each unit shall be separately fused or other suitable provision shall be 
made to prevent a short circuit in one unit from interrupting service of other 
units. In lighting areas of irregular, wavy contour, the units shall be so 
placed as to eliminate shadows. 

Where the floodlighting is accomplished from a single light source, an 
automatic lamp changer shall be provided to bring a new lamp into the focal 
position in case of lamp failure. This lamp changer shall be so designed that 
the reserve lamp is ready to be placed immediately on the line. In lieu of a 
lamp changer an auxiliary unit may be provided which will give sufficient 
light for safe landing of aircraft should the major unit fail, and which will 
produce a minimum vertical plane intensity of illumination of not less than 
0.035 foot-candle over the usable portion of the landing area. This auxiliary 
unit, if not in operation with the major unit, shall be so designed as to be 
turned on automatically without interruption of service and shall be located 
at or near the major unit in order to avoid confusion of the pilot due to 
sudden and unexpected change of location of the light source. 

v 


582 — THE AIRCRAFT HANDBOOK 


In case the landing area exceeds the size required for a Class 1-rating at the 
altitude in question, the area to be floodlighted in the manner hereinabove 
specified shall at least meet the size requirements for a Class l-rating but 
need not exceed them. It is highly desirable, however, that the entire landing 
area be lighted. 

(h) All-night Operation of Lighting Equipment—The airport beacon, 
wind-direction indicator lights, boundary lights, obstruction lights, and roof- 
marking lights shall be kept burning all night (from sunset until sunrise) 
every night. (It is preferable that this equipment be kept burning from 14 
hour before sunset until 44 hour after sunrise.) 

(t) Night Personnel.—Sufficient personnel shall be in attendance through- 
out the night for proper operation of the lighting equipment, for servicing 
aircraft, making minor repairs and giving weather service, and for operating 
the fire-fighting equipment. 

B-Rating.—Airports receiving a B-rating on night-lighting equipment 
shall have the following: 

(a) An airport beacon as required for an A-rating. 

(b) An illuminated wind-direction indicator as required for an A-rating. 

(c) Boundary lights as required for an A-rating. 

(d) Obstruction lights as required for an A-rating. 

(e) The exterior surface of one hangar floodlighted and the name of the 
city or town marked on a hangar roof, or other suitable area, and illuminated, 
all in the manner required for an A-rating. 

(f) A ceiling projector as required for an A-rating. 

(g) A landing-area floodlight system, portable or otherwise, which will 
provide suitable illumination for safe landing of airplanes under ordinary 
conditions and which will give a minimum vertical plane intensity of illumi- 
nation over the usable portion of the landing area, or a portion thereof 
equivalent to the area required for a l-rating on size, of at least 0.035 foot- 
candle. 

(h) All-night operation of lighting equipment as required for an A-rating. 

(7) Sufficient personnel in attendance throughout the night for proper 
operation of the lighting equipment, servicing aircraft, giving weather 
service, and operating fire-fighting equipment. 

C-Rating.—Airports receiving a C-rating on night-lighting equipment 
shall have the following: 

(a) An airport beacon as required for an A-rating. 

(b) An illuminated wind-direction indicator as required for an A-rating, 
except that said wind-direction indicator shall be equivalent in effect to at 
least the wind-direction indicator required for a C-rating on general equip- 
ment and facilities. 


(c) Boundary lights as required for an A-rating. _ 
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(d) Obstruction lights as required for an A-rating. 

(e) A ceiling projector as required for an A-rating. 

(f) The name of the city or town marked on a hangar roof, or other suit- 
able area, and illuminated as required for an A-rating. 

(g) All-night operation of lighting equipment as required for an A-rating. 

(h) Attendance available on request. 

D-Rating.—Airports not possessing sufficient night-lighting equipment 
to receive a C-rating but which possess either an airport beacon or boundary- 
light system, or both, together with an illuminated wind-direction indicator 
and adequate obstruction lights, will be given a rating of D, provided all 
such lighting equipment is kept burning all night every night. 

E-Rating.—Airports having the necessary night-lighting equipment to 
meet the requirements of any of the above ratings and which keep this 
equipment available for operation on request, but which do not give the 
all-night operation required for these ratings, will be given the rating of E 
on night-lighting equipment. 

X-Rating.—The rating of X will be given to airports having no night- 
lighting equipment, or which do not provide all-night operation of lighting 
equipment or which do not keep this equipment available for operation on 
request as hereinabove required. 


Basic REQUIREMENTS FOR RATING OF AIRPORTS FOR SEAPLANES 


The minimum basic requirements for the rating of seaplane airports 
are as follows: The seaplane airport shall be situated on or directly con- 
nected with a body of water having a minimum depth of not less than 6 feet 
at any time, calm enough for operations in all ordinary weather, and suffi- 
ciently large to permit landing and taking-off of seaplanes and flying boats 
without hazard. By direct connection is meant a canal or other stream of 
water wide enough to allow taxiing of planes without difficu ty and a distance 
of not over 14 mile from the actual airport to the open water. 

The airport shall be situated on a good road leading to the nearest city 
or town. It shall be equipped with an approved type of wind-direction 
indicator, as hereinabove specified, and shall be marked either on hangar 
roof, or other suitable area, or on land immediately adjacent to the water 
with the name of the city or town in the manner shown on page 552. 

The airport shall be provided with facilities for supplying aircraft with 
fuel, oil, and water; also drinking water shall be available. If there are no 
restrooms on the airport a suitable latrine shall be provided. The airport 
shall have dependable communication and transportation facilities to the 
nearest city or town. Airport personnel shall be in attendance by day or 
available on call by telephone at the airport. In the latter case, a directory 
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and full instructions for reaching such personnel shall be available in the 
telephone booth or receptacle. 


Ratinc on GENERAL EQUIPMENT AND FACILITIES 


A-Rating.—In addition to the facilities named in the basic requirements, 
seaplane airports rated A on general equipment shall have the following: 

(a) At least one hangar measuring not less than 80 by 120 feet in the 
clear inside with doors open, with 22-foot overhead clearance, with full-width 
door opening in either one or both ends or one or both sides, and with safe 
provision for heating water and oil. In localities where freezing tempera- 
tures are experienced the hangar shall be heated sufficiently to prevent 
freezing of water. 

(b) Wind-direction indicator as required for an A-rating for landplane 
airports. 

(c) Day marking of telephone and transmission-line poles and similar 
obstructions in the immediate vicinity of the landing area as required for an 
A rating for landplane airports. 

(d) Repair equipment sufficient to permit changing engines, pontoons, 
and amphibian landing gear in addition to equipment for major engine, 
plane, and hull repairs. 

(e) Means for hauling planes out of the water. This will require either 
a marine railway or a suitable ramp. Dollies, cradles, or other apparatus 
suitable for carrying seaplanes and flying boats from the water into the han- 
gar will be necessary, as well as power for hauling out cradles when loaded, 
such as a small tractor, a motor truck, or a winch. 

(f) A boat capable of at least 10 knots speed for towing disabled planes 
to the airport and for use as a tender and rescue boat. 

(g) Weather instruments as required for an A-rating for landplane airports. 

(h) Radio-receiving set and loud speaker, under certain conditions, as 
required for an A-rating for landplane airports. 

(t) First-aid equipment as required for an A-rating for landplane airports. 

(7) Register as required for an A-rating for landplane airports. 

(k) Mooring facilities properly placed offshore for flying boats or seaplanes. 

(1) Adequate fire-fighting apparatus as required for an A-rating for land- 
plane airports. 

(m) Airport personnel as required for an A-rating for landplane airports. 

(n) Sleeping quarters for at least three men, in addition to station per- 
sonnel, as required for an A-rating for landplane airports. 

(0) Waiting and restrooms at or near the hangar. 

(p) Restaurant or other source of food supply as required for an A-rating 
for landplane airports. . 
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B-Rating.—In addition to the facilities named in the basic requirements, 
seaplane airports rated B on general equipment shall have the following: 

(a) At least one hangar measuring not less than 80 by 100 feet in the 
clear inside with doors open, with 18-foot overhead clearance, with full- 
width door opening in either one or both ends or one or both sides, and with 
safe provisions for heating water and oil. 

(b) Wind-direction indicator as required for an A-rating for landplane 
airports. 

(c) Day marking of telephone and transmission-line poles and similar 
obstructions in the immediate vicinity of the landing area as required for an 
A rating for landplane airports. 

(d) Repair equipment sufficient to permit changing engines and pontoons 
and amphibian landing gear, in addition to equipment for minor engine, 
plane, and hull repairs. 

(e) Means for hauling planes out of the water such as required for an A= 
rating for seaplane airports. 

(f) A boat capable of at least 8 knots speed to act as tender, rescue boat, 
etc. 

(g) Weather instruments as required for an A-rating for landplane airports. 

(h) First-aid equipment as required for an A-rating for landplane airports. 

(zt) Register as required for an A-rating for landplane airports. 

(7) Mooring facilities as required for an A-rating for seaplane airports. 

(k) Adequate fire-fighting apparatus as required for an A-rating for 
landplane airports. 

(1) Airport personnel as required for a B-rating for landplane airports. 

(m) Sleeping quarters for at least two men, in addition to station per- 
sonnel, as required for a B-rating for landplane airports. 

(n) Restroom at or near hangar. 

C-Rating.—In addition to the facilities named in the basic requirements, 
seaplane airports rated C on general equipment shall have the following: 

(a) At least one hangar measuring not less than 50 by 60 feet in the 
clear inside with doors open, with 16-foot overhead clearance and with full- 
width door opening in either one or both ends or one or both sides, and with 
safe provisions for heating water and oil. 

(b) Wind-direction indicator as required for a C-rating for landplane 
airports. 

(c) Suitable means for hauling planes out of the water, such ‘as required 
for an A-rating for seaplane airports. 

(d) A boat capable of at least 8 knots speed for use as a tender, rescue 
boat, ete. 

(e) First-aid equipment, fire-fighting equipment, and register as required 
for an A-rating for landplane airports. (The day marking of telephone 


586 THE AIRCRAFT HANDBOOK 


and transmission lines and similar obstructions in the immediate vicinity 
of the landing area as required for the A- and B-ratings is not required for 
either the C- or D-ratings, but is urgently recommended.) 

(f) Restrooms. 

D-Rating.—Seaplane airports which do not possess sufficient general 
equipment to obtain A-, B-, or C-ratings, but which meet the basic require- 
ments, will receive a rating of D on general equipment and facilities. 


Rating on Size oF ErrectivE LANDING AREA 


No seaplane airports will be rated unless they permit an unobstructed 
climb after taking-off. The existence of reefs, shoals, sandbars, etc., 
within the areas described hereafter as 1, 2, 3, or 4 will eliminate considera- 
tion for rating unless, in the opinion of the Department of Commerce, 
marking and lighting of these dangerous obstructions eliminate all hazard. 
Such markers will of course, have to conform to local and Federal harbor 
or river regulations both for day markers and night lights. 

1-Rating.—In addition to the basic requirements, seaplane airports receiv- 
ing 1 rating on size of effective landing area shall have clear approaches and 
be large enough to permit at least a 4,000 foot effective run in all directions. 

2-Rating.—In addition to the basic requirements, seaplane airports 
receiving a 2-rating on size of effective landing area shall have clear 
approaches and shall be large enough to permit at least a 3,500- foot effective 
run in all directions or shall have two landing courses, one aligned with the 
general direction of the prevailing wind, with clear approaches and permitting 
at least four-way landing, the landing courses to be at least 600 feet wide 
and not less than 4,000 feet in effective length and not to cross or converge 
at an angle of less than 60 degrees. 

3-Rating.—In addition to the basic requirements, seaplane airports recelv- 
ing a 3-rating on size of effective landing area shall have clear approaches 
and shall be large enough to permit at least a 3,000-foot effective run 
in all directions, or shall have two landing courses, one aligned with the 
general direction of the prevailing wind, with clear approaches and permit- 
ting at least four-way landing, the landing courses to be at least 600 feet wide 
and not less than 3,500 feet in effective length and not to cross or converge 
at an angle of less than 60 degrees. 

4-Rating.—A seaplane airport which meets the basic requirements but 
which is not large enough to receive a 3-rating on size of landing area will 
be rated as 4 if, in the opinion of the Secretary of Commerce, it provides 
sufficient area for the use to which it is being put. 

0-Rating.—A seaplane airport which, in the opinion of the Secretary 
of Commerce, is unsafe for operation, but from which operations are never- 
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theless taking place and which requests a rating, will be rated 0 on size of 
effective landing area. 


Ratine on NIGHT-LIGHTING EQUIPMENT 


The matter of lighting seaplane airports is one to be treated as a separate 
problem in every case, as the possibility of interference with river, ocean, 
or harbor traffic makes general rules impossible. Floodlighting of the 
landing area is usually necessary, although the installation of boundary 
lights is ordinarily impracticable. Obstruction lights may be placed on 
obstacles if such lights do not conflict with local or Federal navigation laws 
and regulations. Lighting plans for seaplane airports shall be referred to 
the Department of Commerce, Washington, D. C., which department will 
determine whether there is any conflict between the proposed lighting 
system and the existing navigational aids for water craft, and whether the 
proposed system meets the special requirements for night lighting of such 
airports. 

Subject to the foregoing statement, the requirements for the rating of 
seaplane airports on night-lighting equipment are as follows: 

A-Rating.—Seaplane receiving an A-rating on night-lighting equipment 
shall have the following: 

(a) An airport beacon as required for an A-rating for landplane airports. 

(b) An illuminated wind-direction indicator as required for an A-rating 
for landplane airports. 

(c) Suitable boundary lights (when practicable). 

(d) Suitable obstruction lights. 

(e) The exterior surface of hangars floodlighted and the name of the city 
or town marked on a hangar roof, or other suitable surface, and illuminated, 
all as required for an A-rating for landplane airports. 

(f) Ceiling projector as required for an A-rating for landplane airports. 

(g) Landing area floodlight system as required for an A-rating for land- 
plane airports. 

(h) All-night operation of lighting equipment as required for an A-rating 
for landplane airports. 

(t) Night personnel as required for an A-rating for landplane airports. 

B-Rating.—Seaplane airports receiving a B-rating on i 
equipment shall have the following: 

(a) An airport beacon as required for an A-rating for landplane airports. 

(6) An illuminated wind-direction indicator as required for an A-rating 
for landplane airports. 

(c) Suitable boundary lights (when practicable). 

(d) Suitable obstruction lights. 
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(e) The exterior surface of one hangar floodlighted and the name of the 
city or town marked on a hangar roof, or other suitable surface, and illumi- 
nated, all as required for an A-rating for landplane airports. 

(f) A ceiling projector as required for an A-rating for landplane airports. 

(g) A landing area floodlight system as required for a B-rating for land- 
plane airports. 

(h) All-night operation of lighting equipment as required for an A-rating 
for landplane airports. 

(i) Night personnel as required for a B-rating for landplane airports. 

C-Rating.—Seaplane airports receiving a C-rating on night-lighting 
equipment shall have the following: 

(a) An airport beacon as required for an A-rating for landplane airports. 

(b) An illuminated wind-direction indicator as required for a C-rating 
for landplane airports. 

(c) Suitable boundary lights (when practicable). 

(d) Suitable obstruction lights. 

(e) Ceiling projector as required for an A-rating for landplane airports. 

(f) The name of the city or town marked on a hangar roof, or other 
suitable surface, and illuminated as required for an A-rating for landplane 
airports. ; 

(g) All-night operation of lighting equipment as required for an A-rating 
for landplane airports. 

(h) Attendance available on request. 

D-Rating.—Seaplane airports not possessing sufficient night-lighting 
equipment to receive a C-rating but which possess either an airport beacon 
or boundary-light system, or both, together with an illuminated wind-direc- 
tion indicator and suitable obstruction lights, will be given a rating of D, 
providing all such lighting equipment is kept burning all night every night. 

E-Rating.—Airports having the necessary night-lighting equipment to 
meet the requirements of any of the above ratings and which keep this 
equipment available for operation on request, but which do not give the all- 
night operation required for these ratings, will be given the rating of E on 
night-lighting equipment. 

X-Rating.—The rating of X will be given all seaplane airports having no 
night-lighting equipment, or which do not provide all-night operation of 
lighting equipment or which do not keep this equipment available for 
operation on request as hereinabove required. 


RatTING ON COMBINED LANDPLANE AND SEAPLANE AIRPORTS 


Airports offering facilities for the operation of both landplanes and 
seaplanes will be given two separate and distinct ratings,first as an airport 
for landplanes and second, as an airport for seaplanes. 


SECTION XIV 
ATR COMMERCE REGULATIONS 
CHAPTER 1 


LICENSING OF AIRCRAFT 
Section 1. Licensing Law. 


“« “Air commerce’ means transportation in whole or in part by aircraft 
of persons or property for hire, navigation of aircraft in furtherance of a 
business, or navigation of aircraft from one place to another for opera- 
tion in the conduct of a business.” (Sec. 1, air commerce act of 1926.) 

“ ‘Interstate or foreign air commerce’ means air commerce between 
any State, Territory, or possession, or the District of Columbia, and 
any place outside thereof; or between points within the same State, 
Territory, or possession, or the District of Columbia, but through the 
air space over any place outside thereof, or wholly within the air space 
over any Territory or possession, or the District of Columbia.”’ (See. il.) 

“The Secretary of Commerce shall, by regulation * * * provide for 
the granting of registration to aircraft eligible for registration, if the 
owner requests such registration * * *.” (Sec. 3 (a).) 

“Tt shall be unlawful * * * to navigate any aircraft * * * in interstate 
or foreign air commerce unless such aircraft is registered as an air craft 
of the United States.” (Sec. 11 (a) (2).) 

“To navigate any aircraft registered as an aircraft of the United 
States * * * without an aircraft certificate, or in violation of the terms 
of any such certificate.” (Sec. 11 (a) (8).) 

“Any person who (1) violates any provision of subdivision (a) of 
this section * * * shall be subject to a civil penalty of $500 * * *.” 
(Sec. 11 (b).) 

Aircraft means “any contrivance now known or hereafter invented, 
used, or designed for navigation of or flight in the air, except a parachute 
589 
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or other contrivance designed for such navigation but used primarily 
as safety equipment.” (Sec. 9 (c).) 

Aircraft of the United States means ‘‘any aircraft registered”? under 
the air commerce act. (Sec. 9 (f).) 


Sec. 2. Application of the Law. 


Aircraft must be licensed before engaging in— 

(A) Carrying persons or property for hire, or the United States mails— 

(1) Between two ot more States, or to or from foreign countries, 
as from Chicago to Cleveland, Ohio, or from New York to Portland, Me., 
to Montreal, Canada. 

(2) Between two points in one State if a part of the flight is over 
another State, as from Buffalo to New York via Susquehanna, Pa.; or 
from Buffalo, thence over any part of Pennsylvania, and thence back 
to Buffalo. 

(3) Between two points in one State if it is a part of a through car- 
riage between points in different States, or countries, as from Los 
Angeles to San Francisco, Calif., as a part of the carriage between 
Los Angeles and Seattle, Wash., or from San Antonio, Tex., to Laredo, 
Tex., as a part of the carriage between San Antonio and Monterey, 
Mexico. 

(4) Within the air space over the District of Columbia, or any 
Territory or possession of the United States. 

(B) Aircraft used solely for pleasure or noncommercial purposes 
need not be licensed, although engaged in flying between States, but, 
at the option of the owner, may be licensed, in which event it must 
observe all the requirements of licensed aircraft. Whether licensed or 
not, all aircraft must display the assigned identification mark. 


Sec. 3. Aircraft Belonging to the United States. 


Aircraft belonging to the United States will be licensed by the Secre- 
tary of Commerce if the operating agency so requests. 


Sec. 4. Aircraft Belonging to States, etc. 


Aircraft belonging to States, Territories, or possessions of the United 
States, or to political subdivisions thereof, will be licensed by the Secre- 
tary of Commerce and rated as to airworthiness in the same manner as 
other craft if request for licensing is made and such aircraft are used 


exclusively in the governmental service. 
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Sec. 5. Foreign Aircraft. 

(A) Where civil aircraft of the United States are permitted to fly in 
or over a foreign country without registration and rating and licensing 
of their airmen, the aircraft of such foreign country, not a part of its 
armed forces, and the airmen serving in connection therewith, may 
operate without a license in the territory over which the United States 
has jurisdiction. Such foreign aircraft shall not engage in interstate 
or intrastate air commerce and must observe the air-traffic rules. 

(B) Aircraft owned by resident aliens will be granted identification 
marks but shall not engage in interstate or intrastate air commerce. 

(C) Registered aircraft of the United States shall not be flown or 
operated in air commerce in the United States or its possessions, by, 
or in behalf of any individual, partnership, firm, or corporation not 
eligible to license for such registered aircraft. 


Sec. 6. Requisites of Licensing and Registration. 

An aircraft, to be entitled to license and registry, must be airworthy 
and equipped in accordance with requirements of the Secretary of 
Commerce and owned by— 

(A) A citizen of the United States and not registered under the laws 
of any foreign country; or 

(B) A partnership of which each member is a citizen of the United 
States; or 

(C) A corporation organized under the laws of the United States, 
a State, Territory, or possession of the United States, and of which 
the president and at least two-thirds of the directors or managing 
officers are citizens of the United States, and of which at least 51 per 
cent of the voting interest in the corporation is controlled by citizens 
of the United States; or 

(D) The Government of the United States, a State, Territory, or 
possession, or a political subdivision thereof. 


Sec. 7. Registration, Meaning of. 

Registration means entry of licensed aircraft in an official license 
registry of the Secretary of Commerce as aircraft of the United States. 
Unlicensed aircraft, though entered of record for purposes of identifica- 
tion as required by law, are not registered aircraft within the meaning 
of these regulations. 
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Sec. 8. Airworthiness, Law of. 


“The Secretary of Commerce shall by regulation provide for 
the rating of aircraft of the United States as to their airworthiness 
** * The Secretary may, from time to time, rerate aricraft as to their 
airworthiness upon the basis of information obtained under this sub- 
division.” (Sec. 3 (6).) 

“Tt shall be unlawful * * * to navigate any aircraft registered as an 
aircraft of the United States without an aircraft certificate or in viola- 
tion of the terms of any such certificate.” (Sec. 11 (a) (3).) 

“Any person who violates any provision of subdivision (a) of this 
section * * * shall be subject to a civil penalty of $500.”’ (Sec. 11 (0).) 


* * * 


Sec. 9. Airworthiness, Meaning of. 


Airworthiness means a condition meeting the minimum aircraft 
requirements as set forth herein. 


Sec. 10. Airworthiness Requirements. 


(A) ArrworTHINEss Facrors.—In determining the airworthiness of 
airplanes the following factors are taken into consideration: 

(1) The structural strength of wings, ailerons, tail surfaces, fuselage 
including engine mount, fittings, control system, and landing gear, as 
shown by stress analyses. 

(2) Cockpit, cabin, and control arrangements. 

(3) Power plant and power-plant installation. 

(4) Equipment and instruments. 

(5) Propellers. 

(6) Design of fittings. 

(7) Materials and workmanship. 

(8) Flying characteristics and qualities. 

Certain of these items may be demonstrated by theoretical analyses 
and drawings, others by visual inspection, and others by tests. 

(B) Loap-ractor RrEQuIREMENTS.—The load-factor requirements 
for the structural members of an airplane shall be determined as follows: 

(1) Flying Conditions.—Figure 1 hereof, and hereby made a part of 
these regulations, shall be used to determine the load factors for the 
high angle of attack condition of landplanes and float-type seaplanes. 
Reference shall be made to it and the factor obtained for the appropriate 
weight and horsepower loading, the factors for gross «weights which lie 
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between 2,500 and 12,500 pounds being determined by interpolation 
between the appropriate curves. For multi-engined airplanes the horse- 
power to be used for computing the loading in pounds per horsepower 
shall be that necessary to maintain level flight with full load at sea level. 
For flying boats and amphibians of 5,000 pounds gross weight or less 
the factor for 5,000 pounds shall be used; for gross weights in excess of 
5,000 pounds the factors shall be those indicated by the actual weight 
and power loading. 


Load Factor 


a 


10 12 14 16 18 20 (ee 
Pounds per Horsepower 


Fie. 1.—Load factors'—high angle of attack. For flying boats and amphib- 
ians of 5,000 pounds gross weight or less, use the 5,000-pound gross weight 
factors. Horsepower loading shall be based on rated engine horsepower except 
that for multi-engined airplanes the horsepower shall be taken as that necessary 
to maintain level flight with full load. 


In the low angle of attack condition the load factor shall be 65 per 
cent of the high angle of attack factor, but in no case less than 3. 
For the inverted-flight and nose-dive conditions the load factor shall 
be 40 per cent of the high angle of attack factor, but in no case less than 2. 
(2) Landing Conditions.—The load-factor requirements for landing 
conditions shall be obtained from Table 1. If the landing gear is 
designed to absorb landing shocks by.the flow of a liquid through an 
1Jt is to be noted that the load factors given in this chart are not suf- 
ficiently high to comform to the international requirements throughout 
the entire range of horsepower loading. Manufactures designing airplanes 
for export should take into account the load factor and design require- 


ments of the country to which the airplane is to be exported. 
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orifice (the oleo or oleo-pneumatic type), the design load factors for the 
landing gear may be reduced by not more than 25 per cent from those. 
shown in Table 1, but suitable provision shall be made to carry taxiing 
shocks after the absorber has been forced to the full extent of its travel. 

For float seaplanes the floats and the members to which they are 
attached, including the “carry-through” tubes in the fuselage, shall 
be designed for a factor in landing of 8.0. 

The shock absorber in the chassis of a landplane or amphibian shall 
be designed to absorb the energy generated by a free drop of the air- 
plane from the height specified in Table 1 without subjecting the 
airplane or landing gear to forces greater than those corresponding to 
the load factors for landing. 

The tail-skid shock absorber shall be designed to resist a free drop 
in the three-point landing attitude equal to that shown in Table 1 
without imposing loads on the tail skid or fuselage greater than those 
corresponding to the load factors for landing. 

(3) Tail Surfaces and Ailerons.—Tail surfaces and ailerons shall 
be designed to withstand the loads specified in Table 1. 


TABLE 1 


Height of | Loads per 
free drop | square foot 


Factor for ; : 
for design | on ailerons 


Class landing CR aiesiehl angie ae Vertical tail surfaces 
conditions 5 
absorber | zontal tail 
(inches) surfaces 
2,500-pound or less... 6.5 24 30 
5,000-pound......... 5.5 22 25 75 per cent of load required on 
12 500=pounds 4. fas. 5.0 20 20 horizontal surfaces. 
12,500-pound or over. 4.5 18 20 


(4) Seaplane Floats and Boat Hulls —Flying-boat and seaplane float 
bottoms shall be designed to withstand, without permanent set, the 
following loads: 

(a) Eight pounds per square inch over that portion of the hull lying 
between the first step and a section 25 per cent of the distance from the 
step to the bow; (b) 4 pounds per square inch from that section to a 
section at 75 per cent of the distance from the step‘to the bow; (c) 4 


pounds per square inch between the first and second steps; and (d) 4 
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pounds per square inch between the rear step and a section 50 per cent 
of the distance to the stern. If but one step is used, this load shall 
extend over that portion of the hull between the step and a section 
50 per cent of the distance from the step to the stern. 

The submerged displacement of the main floats shall be at least 
190 per cent of the full load of the airplane. Main floats shall be 
divided into at least five water-tight compartments. 

In designing the bow portion of the hull due attention must be paid 
to the effect of striking floating objects. 

(C) Conrrot System.—The control system shall be designed to 
withstand a load of at least 300 pounds in a fore-and-aft direction and 
150 pounds in a lateral direction applied at the grip on a stick control; 
on a wheel control it shall withstand at least 300 pounds in a fore-and-aft 
direction applied at the center of the wheel and a couple equal to 125 
pounds times the diameter of the wheel applied tangent to the rim of 
the wheel. The rudder controls shall be designed to withstand a load 
of not less than 300 pounds applied at the point of contact with the foot. 
On airplanes having a gross weight-of 1,000 pounds or less, two-thirds 
of the above values may be used. In any case, thestrength of the control 
system shall be sufficient to withstand loads on the control surfaces 
25 per cent greater than those specified in Table 1 for the design of the 
surfaces. The entire control system shall be so designed that the 
rudder, elevators, ailerons, and other movable parts thereof will not 
jam, and, if necessary, control stops shall be provided to prevent it. 

Dual controls on airplanes carrying passengers for hire shall be so 
constructed or arranged as to prevent passengers from interfering with 
the course of flight of the airplane. 

(D) Construction or Cockpit AND Capin.—The cockpit or cabin 
shall be constructed to afford suitable ventilation, adequate vision to 
pilot under normal flying requirements, and reasonable protection to 
pilot and passengers against possible propeller breakage. 

Closed cabins of airplanes carrying passengers for hire shall have 
not less than two exits, affording maximum ease of operation, One 
of such exits may be an emergency exit, in which case the size, location, 
and method of operation shall be subject to the approval of the Secretary 
of Commerce. 

(EZ) Powrr-PLant REQUIREMENTS.—Engines which have passed 
the regular éndurance tests of the United States Army Air Corps or the 
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United States Navy Bureau of Aeronautics will be approved by the 
Department of Commerce. Other engines submitted for approval will 
be tested by the Department of Commerce at the Bureau of Standards. 

The log shall include the following: 

Piston displacement, compression ratio, type of ignition, carbureter 
and spark plugs; barometric reading and complete list of instruments 
and apparatus used for the test. The length of brake arm and gear 
ratio if propeller is geared shall also be given. The test shall be such 
as to develop the following data: 

(1) A plot of power developed at various revolutions per minute 
with the throttle wide open. 

(2) Record of log showing readings, at approximately 30-minute 
intervals, of— 

(a) Revolutions per minute. 

(b) Brake load in pounds. 

(c) Oil pressure and temperatures. 

(d) Water temperatures. 

(e) Air temperature at carbureter intake. 

(f) Blast velocity. 

(g) Maximum cylinder temperature, head and barrel. 

(h) Manifold depression in inches of mercury. 

(i) Fuel time in seconds for at least 5 pounds. 

(j) Oil in pounds. 

(k) Brake horsepower. 

(1) Remarks, including breakages and replacements. 

The 50-hour endurance test shall be run in 10 five-hour periods. 
During the first 5 hours the engine shall be run with the throttle wide 
open, the speed being at least equal to the rated speed and the power 
being at least 10 per cent in excess of the rated power. During the 
remaining 45 hours the engine shall be run at approximately rated 
speed and the horsepower developed should at no time be less than the 
rated horsepower. 

(3) Photographs showing set-up of the testing apparatus used and 
of any parts which failed or showed excessive wear. 

(4) List of instruments and apparatus used. 

(5) After completion of the test, and a complete tear down, a report 
of detailed inspection of engine parts, particular attention to be paid tc 
excessive wear and signs of failure. 
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An engine, after successfully passing the required block tests, shall 
be installed in an airplane and given actual service tests. 

A newly constructed engine of a type and design which has been tested 
in accordance with the provisions hereof must not be installed in an 
airplane until bench tested for at least two hours, during at least one- 
half hour of which the engine must be run at full throttle. 

An engine which has been in storage for more than one year must 
not be installed in an airplane until it has been reconditioned in accord- 
ance with accepted safety practices. 

A reconditioned engine must be run for at least 20 minutes at full 
throttle before it shall be used in propelling registered aircraft carrying 
persons or property for hire. 

(F) PowrEr-PLant INsTALLATION.—With water-cooled engine instal- 
lation a fire wall of terneplate, galvanized steel, asbestos-aluminum 
combination, or equivalent thereof, shall be installed, insulating the 
engine section from other parts of the airplane. Aluminum or aluminum- 
alloy fire walls will be satisfactory for air-cooled engine installations. 
Openings made in the fire wall to allow the passage of pipes or wires 
shall be provided with suitable glands or gaskets. 

Carbureter air intakes must open outside the cowling and shall be 
suitably drained. Exhaust manifolds shall be installed outside of 
cowling unless specifically authorized by the Secretary of Commerce. 

Throttle-control and ignition switches on multi-engined airplanes 
shall be arranged to permit separate and simultaneous control. 

Suitable ventilation shall be provided for the engine compartments. 

Air-pressure gasoline-feed systems shall not be used without approval 
of the department. 

Airplanes carrying passengers for hire shall have installed an adequate 
reserve-gasoline supply tank, or satisfactory, reliable apparatus for 
indicating to the pilot a depletion of the gasoline supply. 

(@) ProprLtiers.—Propellers which satisfy any of the following 
requirements will be acceptable. 

(1) Designs from which a propeller has been flown for 150 hours 
without failure on an engine of equal or greater power than that for 
which the approved rating is sought. Affidavit specifying the number 
of hours of satisfactory service on a given engine and aircraft, the 
name of the operator, operating firm, and other pertinent data shall 

tA 
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be forwarded to the Secretary of Commerce, together with detailed 
drawings of the propeller. 

(2) Designs which embody only minor modifications from propellers 
accepted and used by the United States Army or Navy, the contractor 
to state specifically the departure, if any, from Government design. 

(3) Designs which are approved designs, cut down to smaller diam- 
eters without reduction of the maximum ordinates, except in the 
immediate neighborhood of the tip. 

Propellers not in accordance with the foregoing shall be tested in 
the manner prescribed by the Secretary of Commerce. 

Propellers must have a ground clearance of at least 6 inches when 
the airplane is in a horizontal position. 

On multi-engined airplanes a clearance of at least 1 inch must be 
provided between the tips of the propellers and the fuselage or any 
part of the structure. 

The seats shall be so arranged that pilots and passengers are more 
than 12 inches forward or aft of the propeller disks. Surfaces near the 
propeller tips must be suitably stiffened against vibration. 

(H) PerrorMANCE ReEQuIREMENTS.—(1) Th following flight tests 
with the design gross load shall be required: 

(a) General flight, which includes a half-hour flight test with full 
load, to determine stability. 

(b) General maneuverability, which includes, among other things, 
a flight with full load around two pylons or buoys 1,500 feet apart, 
making five successive figure 8’s at 1,000 feet without varying more 
than 200 feet in height in a radius not to exceed the following: 

Five hundred feet for airplanes of full load not in excess of 5,000 
pounds. 

Seven hundred and fifty feet for airplanes of full load over 5,000 
pounds and not in excess of 12,500 pounds. 

One thousand feet for all other airplanes. 

(2) The landing speed shall not exceed 60 miles per hour when the 
airplane is provided with a braking device, or 50 miles per hour wher 
not so provided. Landing speed may be assumed equal to the calcu- 
lated stalling speed. If the foregoing landing speeds are exceeded 
the following flight tests with full load shall be required: 

(a) Take-off within 1,500 feet. 

(b) Climb at least 250 feet the first minute after taking off. 
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(c) Land, coming to a full stop without external aid, within 1,000 
feet from the point where the landing gear first touches the landing 
area. 

(3) Tests are to be calculated upon the basis of air of a specific 
weight of 0.07635 and still-air conditions. 

(4) The applicant must provide the person to make the flight tests, 
but an inspector from the Department of Commerce may pilot the 
airplane during such parts of the test as may be deemed necessary. 

(5) No persons other than the crew necessary to conduct the flight 
shall be carried during performance tests. Sand or similar ballast 
shall be carried as a substitute for the passengers or cargo ordinarily 
carried as pay load. 

(1) EquipMENT AND INSTRUMENT REQUIREMENTS.—The equipment 
and instruments required, which must be serviceable and in operating 
condition are: 

(1) Equipment—(a) Fire-extinguishing equipment, of design ap- 
proved by the Secretary of Commerce. Cabin airplanes carrying 
passengers for hire must be equipped with at least one portable extin- 
guisher accessible to the passengers. 

(b) First-aid kits on airplanes carrying passengers for hire. 

(c) Safety belts or equivalent apparatus for pilots and passengers 
in open-cockpit airplanes carrying passengers for hire. Seats or 
chairs in cabin planes shall be firmly secured in place. 

(d) Electrical equipment and installation must be approved by 
the Secretary of Commerce. 

(2) Instruments.—(a) Tachometer for each engine. 

(b) Oil-pressure gauge where oil-pressure systems are employed. 

(c) Water thermometer for water-cooled engines and oil thermometer 
for air-cooled engines. 

(d) Altimeter. 

(3) Compass Requirements—An airplane flying cross country 100 
or more miles and an airplane, including a seaplane, operating over 
large bodies of water beyond the sight of land must be equipped with 
a compass. 

(J) Manuracturrr’s Ipentirication Data.—(1) The date of 
manufacture or date of remodeling and the name of the manufacturer 
or remodeler, together with the manufacturer’s serial number and 
type of engine, must be permanently affixed in a visible location by 
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means of a metal plate in the pilot’s cockpit or compartment, of each 
airplane, in order that it may be distinguished from all other aircraft. 

(2) The following specifications shall be stenciled or otherwise 
displayed on the outside of the fuselage or cabin at a point adjacent 
to the entrance into the cockpit or cabin in such manner as to be readily 
visible to persons proposing to enter the same: Over-all span; over-all 
length; weight empty; useful load; gross weight; seating capacity, 
exclusive of crew; gasoline capacity; oil capacity. 

(3) Upon airplanes manufactured under an approved type certificate 
the manufacturer thereof may display the insignia shown herewith, in 
conjunction with the above data required to be stenciled on the airplane, 
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weight. 


Seating capacity exclusive of crew. 
Gasoline capacity........ 
Ol copa aly ee Sere eee 


Fie. 2.—Typical stencil for airplanes. 


The insignia, if used, shall be 16 inches in width and 3 inches in 
height and shall be identical with that shown except that the name 
of the manufacturer shall appear above it in the manner indicated, 
and the number of the approved type certificate under which the 
identical airplane was manufactured shall appear in the circle there of. 
The stenciled data shall appear under it in the manner and proportion 
shown. This insignia shall only be used on airplanes for which applica- 
tion for license has been made, or for which license has been issued, and 
must be obliterated in the event the airplane is subsequently disapproved 
for license. Such a stencil is shown in Fig. 2. 


Sec. 11. Approved Type Certificate, Requirements for. 


(A) AppLication.—A manufacturer of airplanes} engines, or pro- | 
pellers in quantities and of*an exact similarity of type, structure, 
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materials, assembly, and workmanship may, at the option of the 
manufacturer, file with the Secretary of Commerce an application 
under oath for an approved type certificate accompanied by the data 
specified, in duplicate. The design or test data must bear the signature 
of the responsible engineer, 

(B) ArrpLANEs.—In order to represent the structure of an airplane 
satisfactorily the data submitted shall include— 

(1) A general assembly drawing of each wing, with the sizes and 
locations of spars, drag struts, drag wires, leading edge, trailing edge, 
and members supporting the ailerons and controls clearly indicated. 

(2) Drawings of a typical rib, showing method of attachment to the 
spars and leading edge. 

(3) Line diagrams of the external wing bracing, showing truss dimen- 
sions, sizes of struts, and wires. 

(4) Layout of the fuselage structure, showing sizes of all members 
of the primary structure. 

(5) Drawings of the tai] surfaces, showing sizes of spars, torque tubes, 
internal and external braces, location of hinges, and masts. 

(6) Chassis drawings giving a layout of the landing gear that shows 
sizes of struts, axle, bracing wires, shock-absorber spindles, spreader 
tubes, and other important members and the method of connecting 
them. Drawings of the tail skid, showing the skid, its connection to 
the main fuselage structure, and the method of steering it, if any. 

(7) For seaplanes, drawings of the floats, showing their lines, general 
dimensions, and a layout showing sizes of struts and wires and method 
of attachment to the fuselage. 

(8) Detail drawings of the mechanisms used to adjust the stabilizer, 
fin, wing flaps, or similar surfaces while in flight. 

(9) Drawings showing the main wing fittings and the control system 
are required. The analyses must cover the investigation of the strength 
of the main members of the wings, tail surfaces, landing gear, including 
tail skids, fuselage, fittings, and control systems for the load factors 
required in section 10. The analysis of secondary members carrying 
heavy loads and the investigation of main members subjected to eccen- 
tric loads are required. 

(10) Stress analysis of the control surfaces and control systems 
may be supplanted by tests made on these units, assembled as in flight, 
if the tests show that the unit will carry 125 per cent of the design load, 
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and if the stick, rudder bar, etc., withstand the loads specified in section 
10 (C). 

(11) The stress analysis shall state the material used for members, 
whether or not it is heat-treated, and what physical properties are 
guaranteed, not assumed, by the manufacturer. If metal members of 
special design are used, test data showing their strength properties 
under loads similar to those to which they will be subjected in the 
structure must be submitted. 

(C) Encines.—Data on engines, showing that the requirements of 
section 10 (#) and (Ff) have been complied with, and a complete set of 
drawings, must be submitted in duplicate by the engine manufacturer 
when applying for an approved type certificate. 

(D) PropeLLERS.—Data on propellers, specified in section 10 (G), 
and a complete set of drawings must be submitted in duplicate by the 
propeller manufacturer when applying for an approved type certificate. 

(Z) INspEcTION AND FLicHT TEsts or AIRPLANES.—If the submitted 
design is approved and the aircraft meets the requirements stated 
herein, it will be inspected for exact similarity with the submitted 
design and specifications. Upon passing such inspection, the airplane 
must undergo the flight tests prescribed in section 10 (H). If such 
tests are passed, an approved type certificate will be issued to the 
manufacturer. 

(F) CoNSTRUCTION UNDER APPROVED Type CrrtIFIcCATE.—The 
approved type certificate will be issued upon the condition that each 
quarter the manufacturer will file his affidavit with the Secretary of 
Commerce, showing the number of airplanes, engines, or propellers 
constructed under the approved type certificate during the quarter, 
with a statement that no airplane, engine, or propeller is being con- 
structed, under such certificate, deviating from the terms thereof. 

(@) Cuancus.—Changes in airplanes constructed under an approved 
type certificate are permissible, with the approval of the Secretary 
of Commerce. 

(H) Manuracrurer’s Arripavir.—Upon the sale by the manufac- 
turer of airplanes of an exact similarity of type, structure, materials, 
assembly, and workmanship with the specimen for which the approved 
type certificate is issued, the manufacturer may deliver to the purchaser 
a manufacturer’s affidavit, copies of which will be furnished the manu- 


facturer upon request. a" 
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Sec. 12. Application for Aircraft License. 


Before an aircraft license will be issued, the owner must file, under 
oath, with the Secretary of Commerce, an application for the license 
upon blanks provided by the Secretary of Commerce. Copies thereof 
will be forwarded upon request. 


Sec. 13. Licensing and Expediting the Licensing of Approved Type 
Airplanes. 


(A) For the purpose of expediting the licensing of airplanes constructed 
under approved type certificates and in the original possession of the 
manufacturer or dealer, the following provisions may be invoked, at 
the option of the manufacturer or dealer. The manufacturer or dealer 
may present the manufacturer’s affidavit showing that the aircraft is 
exactly similar to the specimen of the approved type and have the 
airplane flight tested. If the flight tests prescribed in section 10 are 
passed and the aircraft inspector finds that the airplane is exactly 
similar to the specimen, a flight certificate will be issued for such air- 
plane, good for 90 days after date and renewable for 90-day periods 
upon findings of the Secretary of Commerce that the airplane is in 
substantially the same condition as when the original certificate was 
issued. The manufacturer’s affidavit and the flight certificate may be 
delivered to any purchaser and will be given such effect as is provided 
therefor in paragraph (B) of this section. 

(B) An airplane constructed under an approved type certificate 
and in the possession of and owned by an eligible owner of aircraft 
of the United States will be licensed as follows: 

(1) If the application is accompanied by the manufacturer’s affidavit, 
the airplane will be inspected for similarity to the specimen and will be 
given the flight tests prescribed in section 10. If such inspections and 
tests are passed and the airplane is found to be equipped as required by 
these regulations, it will be licensed. 

(2) If the application is accompanied by both the manufacturer’s 
affidavit and a valid flight certificate, it will be licensed if found to be 
equipped as required by these regulations. 

(3) If the application is not accompanied by the manufacturer’s 
affidavit and the flight certificate, it will be licensed under the provision 
of section 14 hereof. 
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Sec. 14. Licensing of Airplanes not Constructed under Approved Type 
Certificates. 

(A) For an airplane constructed after October 1, 1927, and not 
manufactured under approved type certificate, the application for 
the license must be accompanied by the information specified in the 
requirements for approved type certificate. 

(B) Tests ——(1) For an airplane constructed after October 1, 1927, 
in conformity to the airworthiness requirements of these regulations 
and which passes the flight tests specified in section 10, an aircraft 
license will be issued by the Secretary of Commerce. 

(2) For airplanes constructed prior to October 1, 1927, and found 
by the Secretary of Commerce to be of proper design, assembly, and 
workmanship, and of suitable materials and equipped in accordance 
with these regulations, aircraft licenses will be issued after such airplanes 
have passed the flight tests specified in section 10. 


Sec. 15. Licensing of Special Classes of Airplanes. 

Racing and experimental airplanes and airplanes of unusual design 
will be granted special aircraft licenses, and other aircraft may be 
specially licensed for other purposes and shall be operated only in 
accordance with the conditions specified in such licenses. 


Sec. 16. Places for Airworthiness Tests. 


The Secretary of Commerce will fix the time and place for all inspec- 
tions and tests for airworthiness. 


Sec. 17. Licenses—Contents. 


Aircraft licenses will be issued for a period of not exceeding one 
year and will identify the airplane, specify the authorized type of 
the engine and the authorized gross weight, and will be granted subject 
to compliance with these regulations. 


Sec. 18. Sale of Licensed Aircraft. 

On the date of sale or transfer of title of licensed aircraft the vendor 
shall report in writing to the Secretary of Commerce the date and 
place of sale or transfer, and the name and residence of the vendee, 
and on said date return to the Secretary of Commerce the aircraft 
license and the metal plate furnished by the Secretary of Commerce. 
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If the sale is to an ineligible owner of aircraft of the United States, 
the aircraft license terminates as of the date of such sale. If the vendee 
is an eligible owner, he is responsible for filing with the Secretary of 
Commerce a properly executed purchaser’s renewable application, if 
such vendee desires to have the aircraft licensed in his name for the 
unexpired term of said license. In the event the vendee does not elect 
to have the aircraft relicensed or is not an eligible owner, application, 
in duplicate, for identification mark shall be made to the Secretary of 
Commerce. In such case the vendee shall cause to be removed or 
obliterated from the aircraft the letter or letters which precede the 
license numeral or numerals. 

The vendee, if an eligible owner of licensed aircraft, may, under 
the license number already assigned, operate the aircraft for a period 
of 20 days from the date of mailing the application or delivering the 
same in person to the Secretary of Commerce. In no case shall this 
period extend beyond 30 days from the date of sale. In all cases the 
vendee must attach to his application the bill of sale or a certified copy 
thereof. sas 

Between the date of sale and the posting in the mails or delivery 
in person to an authorized representative of the Secretary of Com- 
merce of the purchaser’s renewable application or application for 
identification mark the aircraft is considered unlicensed and unidenti- 
fied, and the operation thereof constitutes a violation of these regulations. 


Sec. 19. Relicensing of Aircraft. 

Upon the expiration of the term of an existing aircraft license the 
aircraft will be relicensed for additional periods of not exceeding one year 
upon the application of the licensed owner for relicensing and the 
finding of the Secretary of Commerce that the aircraft is airworthy and 
is owned by an eligible owner. 


Sec. 20. Display and Surrender of License. { 

The aircraft license must be carried in the aircraft whenever it is 
in service and must be conspicuously posted where it may be readily 
seen by passengers or inspectors. Whenever the craft is unairworthy 
the license must be removed from the craft, and when the license is 
suspended or revoked, or when it is no longer in force, it shall 
be surrendered to the Secretary of Commerce. The license must be 
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presented for inspection upon the demand of any passenger or of any 
authorized official or employee of the Department of Commerce or 
State or municipal officials charged with enforcing local regulations or 
laws involving Federal compliance. 


Sec. 21. Licensing of Airships and Balloons. 

Until otherwise provided by regulations, the licensing of airships and 
balloons shall be in accordance with special orders of the Secretary of 
Commerce. 


Sec. 22. Meaning of Airplane. 

Except as otherwise specifically shown, the word ‘‘airplane’’ as used 
in this chapter includes seaplane, or any combination of landplane, 
seaplane, or boat. 


Sec. 23. Canceling Licenses upon Request. 
Upon the request of the licensed owner the aircraft license will be 
canceled by the Secretary of Commerce. 


Sec. 24. Revocation and Suspension of Licenses—Law. 

“The Secretary of Commerce shall by regulation * * * provide for 
the *** suspension and revocation of registration (and) aircraft 
certificates.” (Sec. 3 (f).) 


Sec. 25. Ground for Revocation or Suspension. 


Aircraft licenses will be suspended or revoked for— 

(A) Violating the air commerce act or any of these regulations. 

(B) Failing to make proper and seasonable reports. 

(C) Making false statement in application or information accom- 
panying the application for the license, or in any report required under 
these regulations. 

(D) Equipping the airplane with a type of engine not specified in the 
license or approved by the Secretary of Commerce. 

(E) Remodeling the engine and using it to propel licensed aircraft 
without the aircraft having been first rerated as airworthy by the 
Secretary of Commerce. 

(F) Remodeling the airplane structure and flying the airplan 
without having it first rerated as airworthy by the Secretary 0 


Commerce. x 
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(G) Operating the airplane in excess of the authorized useful load 
specified in the license. 

(H) Operating with passengers in excess of the original designed 
seating arrangement. Infants under 2 years of age are excepted, 
provided the maximum allowable useful load is not exceeded. 

(1) Using or displaying license for fraudulent purposes. 

(J) Using or displaying license in any manner contrary to the public 
safety or interest. 


CHAPTER 2 
INSPECTION OF AIRCRAFT 


Sec. 26. Continuous Duty as to Flying Condition. 

After an aircraft is licensed, and between the times that it is inspected 
for airworthiness by an inspector, the owner is charged with the con- 
tinuous duty of maintaining the aircraft in a good and proper state of 
repair and flying condition. For violation of this duty or of the inspec- 
tions required in the next succeeding section the aircraft license will be 
suspended or revoked. 


Sec. 27. Daily and Periodic Inspections. 

(A) A licensed airplane shall be given a line inspection by the owner 
or a licensed mechanic at least once within each 24 hours preceding 
flight, and the result thereof shall be entered in the log under the signa- 
ture of the person making such inspection. The line inspection must 
be made to ascertain the working condition and state of repair of the— 

(1) Open control wires, all control wires and pulleys open to inspection 
through apertures, and all hinges on control surfaces. 

(2) Landing gear, wheels, fittings, and shock absorbers. 

(3) Fuselage parts open to visual inspection. 

(4) Main plane external bracing, including fittings and struts, exter- 
nal wires, cables, turnbuckles, and fabric or covering. 

(5) Control surface fabric or covering. 

(6) Engine-exhaust manifolds and exhaust-pipe extensions. The 
engine shall be given a warming-up test, during which the proper 
functioning of the engine instruments shall be ascertained. 
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(7) Carbureters and fuel-feed lines open to visual inspection to insure 
proper functioning. 

(8) Cooling system and connections. 

(9) Cowling, to insure that the cowlings are properly secured and 
safetied. 

(10) Propellers, as to condition. 

(B) After each 100 hours of flight, in addition to the line inspection, 
the airplane must be given a “periodic inspection” by the owner, 
and the result thereof must be entered in the log by the person making 
such inspection. This inspection must be made to ascertain the 
working condition and state of repair of the— 

(1) Engine installation. 

(2) Control systems throughout. 

(3) Propeller alignment. 

(4) Fuselage, including fittings, tail skid, and tail-skid shock absorbers. 


Sec. 28. Government Inspections. 

The inspector or othér authorized officer of the Secretary of Commerce 
shall be permitted by the owner or operator to inspect the licensed 
aircraft at any time and place for the purpose of determining its flying 
condition and state of repair. For such purposes the owner or operator 
shall give to such inspector or officer free and uninterrupted access to 
the aircraft and the field or shelter where the craft is located. 


CHAPTER 3 
OPERATION OF AIRCRAFT 


Sec. 29. Solo Flights with Passenger Planes. 


In addition to the requirements of section 10 (2), licensed airplanes 
with newly installed engines, old, new, or reconditioned, and airplanes 
upon which major repairs have been made to the plane structure, must 
be first test flown by a licensed pilot without passengers for hire. 


Sec. 30. Carrying Passengers at Night. 


Licensed aircraft, when engaged in carrying passengers for hire any 
time between one-half hour after sunset and one-half‘hour before sunrise, 
must be equipped with electric landing lights and navigation lights. 

“ 
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Sec. 31. Supplies and Equipment for Flights over Water. 

An airplane flying over large bodies of water must be provided with 
an adequate supply of food and potable water, and, if engaged in carrying 
passengers for hire, it must be equipped with a Very’s pistol or approved 
equivalent and life preservers or other flotation devices approved by the 
Secretary of Commerce. 


Sec. 32. Repairs after Accident Reports. 

After repairs have been made on a licensed aircraft which has been 
seriously damaged, the license owner shall make full report to the 
Secretary of Commerce of the kind and extent of repairs made to the 
craft. 


Sec. 33. Flying Seriously Damaged Airplanes. 

A licensed airplane which is seriously damaged must not be flown 
with passengers for hire until it has been fully repaired and its flying 
condition approved by an inspector. . 


Sec. 34. Accident Reports. 

Where serious injury to person or property is suffered or death 
results in operating licensed aircraft, the owner of such aircraft shall 
immediately report, by telegraph or telephone, to the Secretary of 
Commerce, the license number or identification number of the aircraft 
and the time and place of the accident. All accidents in the operation 
of licensed aircraft which result in injury to the aircraft shall be reported 
without delay on the form provided for that purpose. 


Sec. 35. Logs and Navigation Reports. 

The owner or operator of every licensed aircraft shall keep a navi- 
gation and engine log book and shall quarterly transmit to the Secretary 
of Commerce a navigation summary report, in duplicate, showing the 
number of hours and the approximate number of miles the aircraft has 
been flown during the quarter, the duration of the use of each engine, 
the engine installation and repairs, and the plane structure and rigging 
changes and repairs. 

The log books shall be carried in the aircraft at all times when such 
aircraft is away from its home airport. 
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Sec. 36. Foreign Air Commerce. 

Until otherwise provided, the laws of the United States and regu- 
lations made thereunder with respect to the entry and clearance of 
vessels engaged in foreign commerce are hereby made applicable to 
aircraft engaged in foreign air commerce. 


CHAPTER 4 
MARKING OF LICENSED AND UNLICENSED AIRCRAFT 


Sec. 37. Marking of Aircraft, Law of. 


“The Secretary of Commerce shall by regulation * * * establish air 
traffic rules for the * * * identification of aircraft * * *.’ (Sec. 3 (e).) 


Sec. 38. Identification Marks for Government and Special Classes of 
Aircraft. ’ 

(A) For aircraft belonging to the Government of the United States 
identification marks or symbols will be assigned in accordance with 
arrangements to be made with the affected departments. 

(B) Licensed airplanes engaged in racing or experimental work, 
or specially licensed for other purposes, will be assigned special identifi- 
cation numbers or symbols. 


Sec. 39. Identification Marks for Licensed Aircraft. 

A licensed aircraft shall bear an identification mark consisting of 
the license number of the aircraft preceded by— 

The Roman capital letter S (meaning State) for aircraft used solely 
for governmental purposes and belonging to States, Territories, pos- 
sessions, or political subdivisions thereof, and 

The Roman capital letter C for all other licensed aircraft. 

Aircraft not licensed, but eligible and for which application for 
license has been filed with the Secretary of Commerce, will be assigned 
only a temporary number pending the issuance of license. 

The letter N must precede the license symbol and numerals on 
licensed aircraft engaged in foreign air commerce and, at the option 
of the owner, may precede it on other licensed aircraft. The identifica- 
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tion mark will be assigned to licensed aircraft when the atrcraft license is 
issued, and a separate application is nol required. 


Sec. 40. Identification Marks for Unlicensed Aircraft. 


(A) Unlicensed aircraft must display, when in flight, an identifi- 
cation mark assigned by the Secretary of Commerce. The mark will be 
assigned upon the application of the aircraft owner and must be per- 
manently affixed to the aircraft. It will consist of a number only. 
The nationality mark shall not be made a part of it, nor shall any 
other letter, design, symbol, or description be added thereto. 

(B) On the date of sale or transfer of title of unlicensed identified 
aircraft the vendor shall report in writing to the Secretary of Commerce, 
advising the date and place of sale or transfer, and the name and resi- 
dence of the vendee, and on said date shall return to the Secretary of 
Commerce the metal plate furnished by the Secretary of Commerce 
and the identification-mark assignment issued for such aircraft. 

(C) Upon such sale the identification mark may be reassigned to 
the vendee, provided he files an original application for identification 
mark, in duplicate, with the Secretary of Commerce, requesting such 
reassignment and attaches to the application the bill of sale or a certified 
copy thereof. 

(D) The vendee may operate such aircraft under the identification 
mark already assigned for a period of 20 days from the date of filing 
the application. In no event shall such period extend beyond 30 days 
from the date of sale. 

(EZ) Between the date of sale and date of posting in the mails or 
delivery in person to an authorized representative of the Secretary 
of Commerce of the new application the aircraft is considered unidenti- 
fied, and its operation will constitute a violation of these regulations. 


Sec. 41. Places and Dimensions of Marks. 

Identification marks shall be located as follows: 

(A) On ArrpLanes.—On the lower surface of the lower left wing 
and the upper surface of the upper right wing, the top of the letters 
or figures to be toward the leading edge, the height to be at least four- 
fifths of the mean chord; provided, however, that in the event four- 
fifths of the mean chord is more than 30 inches, the height of the letters 
and figures peed not be more but shall not be less than 30 inches. If 
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the lower left plane is less than one-half the span of the upper left 
plane, the letters or figures thus described shall be on the under surface 
of the upper left plane, as far to the left as is possible. In the case of a 
monoplane the mark shall be displayed on the lower surface of the left 
wing and the upper surface of the right wing in the manner thus described. 
The marks shall also appear on both sides of the rudder, of size as large 
as the surface will permit, leaving a margin of at least 2 inches. 

(B) On Arrsuips.—On both sides near the maximum cross section 
and on the lower under surface of the nose, the height to be equal to at 
least one-twelfth of the circumference at the maximum transverse 
cross section of the airship, but it need not exceed 8 feet. 

(C) On Battoons.—Twice, near the maximum horizontal circum- 
ference, as far as possible from one another, the height to be equal to 
at least one-twelfth of the circumference of the balloon, but it need not 
exceed 8 feet. 

(D) The width of the letters and figures of all marks shall be at 
least two-thirds of the height, and the width of the stroke shall be 
at least one-sixth of the height. The letters and figures shall be painted 
in plain black type on a white background or in any color on any back- 
ground, but there must be a strong contrast between the two. The 
letters and numbers must be uniform in shape and size. A space equal 
to at least one-half of the width of a letter shall be left between each 
figure or letter. 


Sec. 42. Other Symbols and Marks. 


Except with the approval of the Secretary of Commerce, no design, 
mark, character, symbol, or description shall be placed upon aircraft 
if said design, etc., modifies, adds to, or subtracts from, or confuses the 
assigned mark or impairs or destroys its visibility. 


Sec. 48. License and Identification Plates. 


The license number or identification mark, with the name and 
residence of the owner, will be inscribed upon a metal plate furnished 
by the Secretary of Commerce. It must be affixed to the fuselage 
in a prominent place, but this section shall not apply to public aircraft 
of the United States used exclusively in the governmental service. 


The plate will distinguish on its face between licensed and unlicensed 
aircraft. ‘ 
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CHAPTER 5 
LICENSING OF PILOTS 


Sec. 44. Pilots, Law of. 

“The Secretary of Commerce shall by regulation * * * provide for 
the periodic examination and rating of airmen serving in connection 
with aircraft of the United States as to their qualifications for such 
service.” (Sec. 3 (c).) 

“The term ‘airman’ means any individual (including the person 
in command and any pilot, mechanic, or member of the crew) who 
engages in the navigation of aircraft while under way, and any individual 
who is in charge of the inspection, overhauling, or repairing of aircraft.” 
(Sec. 9 (K).) 

“Tt shall be unlawful * * * to serve as an airman in connection with 
any aircraft registered as an aircraft of the United States * * * without 
an airman certificate or in violation of the terms of any such certificate.” 
(Sec. 11 (a) (4).) ee 

“Any person who violates any provision of subdivision (a) of this 
section * * * shall be subject to a civil penalty of $500.” (Sec. 11 (6).) 


Sec. 45. Application of the Law. 
For the purpose of this chapter, persons in command of or piloting 
licensed aircraft in flight will be classed as pilots. 


Sec. 46. Classification of Pilots. 

Licensed pilots are classified as commercial or private pilots. Com- 
mercial pilots are licensed as transport, limited commercial, or indus- 
trial pilots. Private pilots are designated as private pilots (without 
other qualifications) or as student pilots. A person may hold a plurality 
of licenses, such as a pilot’s and mechanic’s license. A transport 
pilot will not be issued other classes of pilot’s licenses. 


Sec. 47. Privileges and Restriction of Licensed Pilots. 
Except as otherwise provided in these regulations, the privileges 
conferred and restrictions imposed upon licensed pilots are as follows: 
(A) Transport pilots may pilot any type of licensed aircraft but 
not unlicensed aircraft carrying persons or property for hire. Transport 
pilots shall]. have all of the privileges of navigating aircraft conferred 
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upon other classes of pilots, which shall include the right to instruct 
students in the operation of aircraft in flight. 

(B) Limited commercial pilots shall have all of the privileges con- 
ferred and be subject to all of the restrictions imposed upon transport 
pilots, except they shall not pilot aircraft carrying persons for hire 
outside of the areas mentioned in their licenses, nor shall they, for hire, 
instruct students in the operation of aircraft in flight. 

(C) Industrial pilots may pilot any type of licensed aircraft not 
carrying persons for hire but shall not pilot unlicensed aircraft carrying 
either persons or property for hire and shall not, for hire, instruct 
students in the operation of aircraft in flight. 

(D) Private pilots, not designated as students, may pilot licensed 
aircraft but shall not carry persons or property for hire in licensed 
or unlicensed aircraft. Private pilots designated as students are 
licensed only for the purpose of piloting licensed aircraft when receiving 
flying instructions and such student pilots shall not pilot licensed 
aircraft carrying persons or property for hire or for any other purpose 
than receiving flying instructions nor within any other area than that 
specified in their licenses. Private pilots shall not, for hire, instruct 
students in the operation of aircraft in flight. 


Sec. 48. Applications for Pilots’ Licenses. 


An application for a pilot’s license must be filed, under oath, with 
the Secretary of Commerce upon blanks furnished for that purpose. 
An applicant for a pilot’s license, including a student’s pilot license, 
must appear for a physical examination before a physician designated 
by the Secretary of Commerce and pass such examination, unless he is 
exempt under these regulations. 


Sec. 49. Character, Age, and Citizenship Qualifications. 


An applicant for a pilot’s license must be of good moral character. 
The minimum age requirements are 16 years for private pilots and 18 
years for industrial, limited commercial, and transport pilots. A 
private pilot may be a citizen of any country. An industrial, limited 
commercial, or transport pilot must be (1) a citizen of the United States, 
or (2) a citizen of a foreign country which grants reciprocal commercial- 
pilot privileges to citizens of the United States on equal terms and 
conditions with citizens of such foreign country, or (3)san alien who has 


filed his declaration of intentionto become a citizen of the United States 
~ 
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and advises the Secretary of Commerce of the serial number of such 
declaration, the date thereof, and the court in which filed. He must 
diligently and successfully prosecute the naturalization proceedings 
under penalty of the revocation of his pilot’s license and from time to 
time must keep the Secretary of Commerce advised of the status of such 
proceedings. 


Sec. 50. Flying Experience Requirements. 

An applicant must have at least the following flying experience: 

(A) Transport Pitots.—Two hundred hours of solo flying, of 
which at least five hours must have been within the last preceding 60 
days prior to the filing of the application. 

(B) Limirep CommMeErRcriAL Pitots.—The same solo flying required 
of industrial pilots. 

(C) InpustriaL Pruots.—Fifty hours of solo flying, of which at 
least 5 hours must have been within the last preceding 60 days prior 
to the filing of the application. 

(D) Private Prtots.—Private pilots not designated as students, 10 
hours solo flying, of which at least 2 hours must have been within the 
last preceding 60 days prior to the filing of the application. 


Sec. 51. Pilot’s Physical Qualification. 

The physical examinations provided for herein must be accomplished 
before the practical and theoretical tests will be given. The qualifi- 
cations are as follows: 

(A) Private Prtors.—Absence of organic disease or defect which 
would interfere with safe handling of an airplane under the conditions 
of private flying; visual acuity of at least 20/40 in each eye; less than 
20/40 may be accepted if the pilot wears a correction in his goggles 
bringing his vision approximately to normal and has normal judgment 
of distance without correction (however, in the case of student pilots 
this will not apply, but if a student has 20/50 in one eye and 20/40 or 
better in the other, with normal judgment of distance, without correction, 
he may be accepted if his physical condition is satisfactory, and if his 
vision can be corrected approximately to normal by goggles); good 
judgment of distance; no diplopia in any position; normal visual fields 
and color vision; no organic disease of eye or internal ear. 

(B) InpustrriaL Prtors.—Absence of any organic disease or defect 
which would interfere with the safe handling of an airplane; visual 
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acuity of not less than 20/30 in each eye, although in certain instances 
less than 20/30 may be accepted if the applicant wears a correction 
to 20/20 in his goggles and has good judgment of distance without 
correction; good judgment of distance; no diplopia in any field; normal 
visual fields and color vision; absence of organic disease of the eye, ear, 
nose, or throat. 

(C) Limirep CommerciaL Pitors.—The same physical qualifica- 
tions prescribed for transport pilots. 

(D) Transport Pirots.—Good past history; sound pulmonary, 
cardiovascular gastrointestinal, central nervous, and genito-urinary 
systems; freedom from material structural defects or limitations; 
freedom from disease of the ductless glands; normal central, peripheral, 
and color vision; normal judgment of distance; only slight defects of 
ocular muscle balance; freedom from ocular disease; absence of obstruc- 
tive or diseased conditions of the ear, nose, and throat; no abnormalities 
of equilibrium that would interfere with flying. 

(EZ) Watvers.—In the case of trained, experienced flyers the 
Secretary of Commerce may grant waivers for physical defects desig- 
nated as disqualifying by these regulations when in his opinion the 
experience of the pilot will compensate for the defect. A waiver once 
granted will hold indefinitely so long as the defect for which it was 
granted has not increased or unless canceled by the Secretary of 
Commerce. 


Sec. 52. Exemption from Prescribed Physical Examination. 


An applicant for a pilot’s license (or its renewal) will be exempt 
from the physical examination prescribed in these regulations upon 
filing with the Secretary of Commerce a certified copy of the examination 
for flying in the United States Army, Navy, or Marine Corps made 
within six months of the date of filing his application for his 
pilot’s license or its renewal, provided his physical qualifications as 
shown by such copy of the examination are not less than those required 
by these regulations for the class of license for which he applies. 


Sec. 53. Pilots’ Examinations and Tests. 

Unless exempt under these regulations, candidates must pass the 
following examinations and tests: % 

(A) Transport Pitors.—(1) Examination on the air traffic rules 
and those portions of the Air Commerce Regulations pertaining to 
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pilots’ privileges and limitations and to the inspection and operation of 
aircraft. 

(2) Practical and theoretical examination in elementary engine and 
plane mechanics and rigging and a theoretical examination in the 
fundamentals of meteorology and air navigation. 

(3) Practical flight test, as follows: 

(a) In addition to normal take-offs and landings, the following 
maneuvers will be required: From 1,500 feet, with engine throttled, 
make a 360° turn and land in normal landing attitude, by wheels touch- 
ing ground in front of and within 200 feet of a line designated by exam- 
iner for the Department of Commerce. 

(b) From 1,000 feet, with engine throttled, make a 180° turn and 
land in normal landing attitude, by wheels touching ground in front 
of and within 200 feet of a line designated by examiner for the Depart- 
ment of Commerce. 

(c) A series of five gentle and three steep figure-8 turns from 800 to 
1,000 feet, respectively. Spiral in one direction from 2,000 feet, with 
engine throttled, and land in normal-landing attitude by wheels touching 
ground in front of and within 200 feet of a line designated by examiner 
for the Department of Commerce. 

(d) Fly in emergency maneuvers, doing spirals, side slips, climbing 
turns, and recovering from stalls. 

(e) Fly over a triangular or rectangular course at least 100 miles, 
landing at place of take-off within at least five hours. This flight 
shall also include two obligatory landings, not at point of departure, 
when craft must come to rest. The course will be designated and 
the candidate will be furnished with route information by the examiner 
for the Department of Commerce at time of departure, and the examiner 
for the Department of Commerce will determine whether the course 
was correctly followed and whether obligatory landings were satisfactory. 
Upon the presentation of satisfactory proof that the candidate has 
engaged in solo cross-country flights a distance of at least 100 miles 
within one year preceding the date of his application, the flight specified 
in this subsection will be omitted. 

(f) Cross-wind landings and take-offs. 

(B) Limirep CommerciAL Pitors.—The same examinations and 
tests as are prescribed for transport pilots, except the cross-country 
flight and the examination on elementary meteorology and navigation. 
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(C) InpustriaL PiLors.—(1) Examination on the air traffic rules 
and practical and theoretical examination in elementary engine and 
plane mechanics and rigging and those portions of the Air Commerce 
Regulations pertaining to pilots’ privileges and limitations and to the 
inspection and operation of aircraft. 

(2) The practical flight tests prescribed for transport pilots, except 
the distance for the cross-country flight which shall be 60 miles. 

(D) Private Pirors.—(1) Examination on the air traffic rules and 
those portions of the Air Commerce Regulations pertaining to pilots’ 
privileges and limitations and to the inspection and operation of aircraft. 

(2) The practical flight test specified in subparagraph 3 (c) of 
section 53 (A) and three satisfactory landings to a full stop. A private 
pilot, classed as a student, will be licensed without being required to 
pass the examination and tests prescribed in this subparagraph. 

(#) Reexamination.—Applicants for pilots’ licenses who have 
failed to successfully accomplish the prescribed theoretical or practical 
tests may apply for reexamination at any time after the expiration 
of 90 days from the date’ of such failure. 

If the physical examination has expired for the class of license for 
which application has been made, a new physical examination must be 
submitted. 

The minimum passing grade for any subject in the foregoing theo- 
retical examinations shall be 70 per cent. 

Practical tests must be accomplished to the satisfaction of the 
examiner for the Department of Commerce. 


Sec. 54. Place, Etc., of Examinations. 


Examinations for pilots’ licenses will be held at such times and 
places as the Secretary of Commerce shall designate. Such examina- 
tions and tests will be conducted by an examining officer designated 
by the Secretary of Commerce. Candidates for pilots’ licenses must 
furnish the airplanes in which the flight tests are to be made, unless 
the Secretary of Commerce makes other provisions therefor. 


Sec. 55. Duration and Renewal of Pilots’ Licenses. 

(A) Unless sooner revoked, transport and limited commercial 
pilots’ licenses shall remain in force for six months aiid industrial and 
private pilots’ licenses one year from date of issuance. Before any 
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license is renewed, the Secretary of Commerce may, in his discretion, 
require the holder of such license to undergo any of the theoretical or 
practical tests prescribed as requisites for the original license. 

(B) Licenses will be renewed for like periods where the prescribed 
physical condition of the holder is shown by the same method as when 
the original license was issued, except that a transport or limited com- 
mercial pilot must prove that he has had at least 10 hours of solo flying 
within the last 60 days, industrial pilots at least 25 hours within the 
last year, and private pilots at least 10 hours within the last year. 

(C) If an applicant for renewal has not had the required solo flying 
and applies for a renewal within six months after the expiration of his 
last license, a new license will be issued to him upon proof of his physical 
qualifications and the passing of the flight tests required for the class 
of license he last held. 

(D) Upon application to and permission of the Secretary of Com- 
merce the area for permissible flying of aircraft carrying passengers, 
for hire, designated in the license of limited commercial pilots, will be 
changed to other areas. 

(£) Upon application and for Bad cause shown the licenses speci- 
fied in this chapter may be extended for 60 days. 


Sec. 56. Personal Possession of Pilots’ Licenses. 

The pilot’s license shall be kept in his personal possession when he 
is piloting aircraft and must be presented for inspection upon the 
demand of any passenger or any authorized official or employee of 
the Department of Commerce or State or municipal officials charged 
with enforcing local regulations or laws involving Federal compliance. 


Sec. 57. Pilots’ Flight Records. 

A licensed pilot must keep an accurate record of his flying time in a 
log book. It is the pilot’s responsibility to obtain and maintain this 
log book. 


Sec. 58. Carrying Passengers in Various Classes of Airplanes. 

A licensed pilot, authorized to transport passengers, for hire, shall 
not do so in a type of aircraft which he has not previously eee 
within the last preceding 90 days for at least two hours, including 
10 landings, 3 of which must have been to a full stop. 
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Sec. 59. Seaplane Piloting. 


A licensed pilot shall not carry passengers, for hire, in a seaplane 
unless he has piloted a seaplane for at least two hours within the last 
preceding 90 days, except where he makes practice flights in the seaplane 
for at least one-half hour and takes it off and lands it at least ten times. 
At least three of the landings must be to a full stop. 


Sec. 60. Pilots’ Night-Flying Qualifications. 


A transport or limited commercial pilot who has not had at least 
two hours of night solo flying within the last preceding 90 days shall 
not pilot aircraft carrying passengers, for hire, between one-half hour 
after sunset and one-half hour before sunrise, except where he takes off 
and lands between one-half hour after sunset and one-half hour before 
sunrise, at least ten times solo. At least three of such landings must be 
to a full stop. 


Sec. 61. Meaning of Solo Flying. 


As used in these regulations, a person is engaged in solo flying when 
he is the sole operator of the controls and is in command of aircraft, 
in flight. 


Sec. 62. Suspension or Revocation of Licenses. 


Pilots’ licenses will be suspended or revoked for— 

(A) Violating any provision of the air commerce act of 1926 or these 
regulations. 

(B) Carelessness or inattention to duty. 

(C) Unsound physical condition or any demonstration of incom- 
petency in the operation or repair of aircraft. 

(D) Being under the influence, or using, or having personal possession 
of intoxicating liquor, cocaine, or other habit-forming drugs while on 
duty. 

(Z) Refusal to exhibit license upon proper demand. 

(F) Violating air traffic rules. 

(G@) Making any false statement in application for license or in any 
reports required to be submitted by these regulations. 

(H) Carrying passengers who are obviously under the influence of 


intoxicating liquor, cocaine, or other habit-forming drugs. 
Ae 
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(I) Piloting aircraft carrying passengers in excess of the original 
designed seating arrangements of the aircraft. Infants under 2 years 
of age are excepted, provided the maximum useful load is not exceeded. 

(J) Doing any act in connection with aircraft which is contrary to 
the public safety or interest or detrimental to the morale of pilots or 
mechanics. 


CHAPTER 6 
LICENSING OF MECHANICS 


Sec. 63. Mechanics, Law of. 

“The Secretary of Commerce shall by regulation * * * provide for 
the periodic examination and rating of airmen serving in connection 
with aircraft of the United States as to their qualifications for such 
service.” (Sec. 3 (c).) 

“The term ‘airman’ means any individual (including the person in 
command and any pilot, mechanic, or member of the crew) who engages 
in the navigation of aircraft while under way, and any individual who 
is in charge of the inspection, overhauling, or repairing of aircraft.” 
(Sec. 9 (k).) 

“Tt shall be unlawful * * * to serve as an airman in connection with 
any aircraft registered as an aircraft of the United States * * * without 
an airman certificate or in violation of the terms of any such certificate.” 
(Sec. 11 (a) (4).} 

“Any person who violates any provision of subdivision (a) of this 
section * * * shall be subject to a civil penalty of $500.”” (Sec. 11 (6).) 


Sec. 64. Application of the Law. 

For the purpose of this chapter, persons repairing or adjusting 
licensed aircraft in flight and persons in charge of the ground inspection, 
overhauling, or repairing of licensed aircraft will be classed as mechanics. 
A workman or mechanic may engage in the repair or overhaul of licensed 
aircraft without being licensed if such repair or overhaul is in charge of a 
licensed mechanic. An application for a mechanic’s license must be 
filed, under oath, with the Secretary of Commerce upon blanks furnished 
for that purpose. An applicant for a mechanic’s license is not required 
to take a physical examination. 
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Sec. 65. Classification of Mechanics. 


Mechanics are licensed as engine or airplane mechanics. A person 
may hold a plurality of licenses, such as both classes of mechanic’s 
licenses or a pilot’s and mechanic’s license. 


Sec. 66. Mechanics’ Qualifications and Examinations. 


(A) An applicant for an engine mechanic’s license must have had 
at least two years’ experience on internal-combustion engines, one 
year of which must have been on aircraft engines. Such applicant 
will be licensed upon passing an examination on Air Commerce Regula- 
tions pertaining to the operation and inspection of aircraft and showing 
that he has sufficient knowledge of such engines and their accessories, 
including ignition systems, to properly inspect, maintain, repair, and 
overhaul the same. 

(B) An applicant for an airplane mechanic’s license must have 
had at least one year’s actual experience in servicing aircraft. Such 
an applicant will be licensed upon passing an examination on Air 
Commerce Regulations, pertaining to the operation and inspection of 
aircraft, showing he is sufficiently qualified in plane structure and 
rigging, including control systems, to properly inspect, maintain, repair, 
and overhaul the same. 

(C) The examinations for both classes of license will be both theoret- 
ical and practical. The minimum passing grade in each subject 
covered shall be 70 per cent. A citizen of any country may be licensed 
if found qualified. Examinations for mechanics’ licenses will be held 
at such times and places as the Secretary of Commerce shall designate. 
Such examinations and tests will be conducted by an examining officer 
designated by the Secretary of Commerce. 

(D) Applicants for mechanie’s licenses who have failed to successfully 
accomplish the prescribed theoretical or practical tests may apply for 
reexamination at any time after the expiration of 90 days from the date 
of such failure. 


Sec. 67. Duration and Renewal. 


Mechanics’ licenses, unless sooner suspended or revoked, will 
remain in force for two years after date of issue and will be renewed 
for additional two-year periods upon proof that during the term of the 
last license the holder has rendered services under his license during at 
least one-half of the term thereof. ., Upon application and good cause 
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shown the Secretary of Commerce may extend the license for a period 
of not more than 60 days. Before any license is renewed, the Secretary 
of Commerce may, in his discretion, require the holder of such license 
to undergo any of the theoretical or practical tests prescribed as requi- 
sites for the original license. 


Sec. 68. Personal Possession of Mechanics’ Licenses. 

A mechanic’s license shall be kept in his personal possession when he 
is serving in connection with licensed aircraft and must be presented for 
inspection upon the demand of any passenger in or owner of repaired 
licensed aircraft upon which such mechanic has worked, or any author- 
ized official or employee of the Department of Commerce or State or 
municipal officials charged with enforcing local regulations or laws 
involving Federal compliance. 


Sec. 69. Suspension or Revocation of Licenses. 

Mechanics’ licenses will be suspended or revoked for— 

(A) Violating any provision of the air commerce act of 1926 or these 
regulations. fi. 

(B) Carelessness or inattention to duty. 

(C) Any demonstration of incompetency in the repair or overhaul 
of aircraft. - 

(D) Being under the influence, or using, or having personal posses- 
sion of intoxicating liquor, cocaine, or other habit-forming drugs while 
on duty. 

(Z) Refusal to exhibit license upon proper demand. 

(F) Making any false statement in application for license or in any 
reports required to be submitted by these regulations. 

(G) Doing any act in connection with aircraft which is contrary 
to the public safety or interest or detrimental to the morale of pilots 
or mechanics. 


CHAPTER 7 


AIR TRAFFIC RULES 


Sec. 70. Law. 

“The Secretary of Commerce shall by regulation establish air 
traffic rules for the navigation, protection, and identification of air- 
craft, including rules as to safe altitudes of flight and rules for the 
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prevention of collisions between vessels and aircraft.” (Air commerce 
act of 1926, sec. 3 (e).) 


Sec. 71. Unlawful Acts. 


“Tt shall be unlawful * * * to navigate any aircraft otherwise than 
in conformity with the air traffic rules.” (Sec. 11 (a) (5).) 


Sec. 72. Penalty. 


“Any person who violates any provision of subdivision (a) of this 
section * * * shall be subject to a civil penalty of $500.”” (Sec. 11 (6).) 


Sec. 73. Application of the Law. 


“In order to protect and prevent undue burdens upon interstate 
and foreign air commerce the air traffic rules are to apply whether 
the aircraft is engaged in commerce or noncommercial, or in foreign, 
interstate, or intrastate navigation in the United States, and whether 
or not the aircraft is registered or is navigating in a civil airway.” 
(Statement of managers,accompanying conference report, Air Commerce 
Act of 1926.) 


Sec. 74. Flying Rules. 


(A) Ricur-sipe Trarric.—Aircraft flying in established civil air- 
ways, when it is safe and practicable, shall keep to the right side of 
such airways. 

(B) Grivina-way Orprer.—Craft shall give way to each other in the 
following order: 

(1) Airplanes. 

(2) Airships. 

(3) Balloons, fixed or free. 

An airship not under control is classed as a free balloon. Aircraft 
required to give way shall keep a safe distance, having regard to the 
circumstances of the case. Three hundred feet will be considered a 
minimum safe distance. 

(C) Givine-way Dutins.—If the circumstances permit, the craft 
which is required to give way shall avoid crossing ahead of the other. 
The other craft may maintain its course and speed, but no engine- 
driven craft may pursue its course if it would come within 300 feet of 
another craft, 300 feet being the minimum distance within which 
aircraft, other than military aircraft of the United States engaged in 
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military maneuvers and commercial aircraft engaged in local industrial 
operations, may come within proximity of each other in flight. 

(D) Crossinc.—When two engine-driven aircraft are on crossing 
courses the aircraft which has the other on its right side shall keep out 
of the way. 

(Z) Approacnine.—When two engine-driven aircraft are approach- 
ing head-on, or approximately so, and there is risk of collision, each 
shall alter its course to the right, so that each may pass on the left side 
of the other. This rule does not apply to cases where aircraft will, if 
each keeps on its respective course, pass more than 300 feet from each 
other. 

(F) OverTAKING.—(1) Definition—An overtaking aircraft is one 
approaching another directly from behind or within 70° of that position, 
and no subsequent aiteration of the bearing between the two shall 
make the overtaking aircraft a crossing aircraft within the meaning 
of these rules or relieve it of the duty of keeping clear of the overtaken 
craft until it is finally past and clear. 

(2) Presumption.—In case of doubt as to whether it is forward or 
abaft such position it should assume that it is an overtaking aircraft 
and keep out of the way. 

(3) Altering Course—The overtaking aircraft shall keep out of 
the way of the overtaken aircraft by altering its own course to the 
right, and not in the vertical plane. 

(@) HeicHt over CoNGESTED AND OTHER ArEAS.—Exclusive of 
taking off from or landing on an established landing field, airport, or 
on property designated for that purpose by the owner, and except 
as otherwise permitted by section 79, aircraft shall not be flown— 

(1) Over the congested parts of cities, towns, or settlements, except 
at a height sufficient to permit of a reasonably safe emergency landing, 
which in no case shall be less than 1,000 feet. 

(2) Elsewhere at height less than 500 feet, except where indispensable 
to an industrial flying operation. 

(H) Hericur over AssEMBLY oF PrERsons.—No flight under 1,000 
feet in height shall be made over any open-air assembly of persons 
except with the consent of the Secretary of Commerce. Such consent 
will be granted only for limited operations. 

(1) ACROBATIC Friyinc.—(1) Acrobatic derpbut means intentional 
maneuvers not necessary to air navigation. 
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(2) No person shall acrobatically fly an aircraft— 

(a) Over a congested area of any city, town, or settlement. 

(b) Over any open-air assembly of persons or below 2,000 feet in 
height over any established civil airway, or at any height over any 
established airport or landing field, or within 1,000 feet horizontally 
thereof. of 

(c) Any acrobatic maneuvers performed over any other place shall 
be concluded at a height greater than 1,500 feet. 

(d) No person shall acrobatically fly any airplane carrying passengers 
for hire. 

(e) Dropping Objects or Things—When an aircraft is in flight the 
pilot shall not drop or release, or permit any person to drop or 
release, any object or thing which may endanger life or injure 
property, except when necessary to the personal safety of the pilot, 
passengers, or crew. 

(J) SEAPLANES ON WATER.—Seaplanes on the water shall maneuver 
according to the laws and regulations of the United States governing 
the navigation of water craft, except as otherwise provided herein. 

(K) Transportine Expiostves.—The transporting of any explo- 
sives other than that necessary for signaling or fuel for such aircraft 
while in flight or materials for industrial and agricultural spraying 
(dusting) is prohibited, except upon special authority obtained from 
the Secretary of Commerce. 


Sec. 75. Take-off and Landing Rules. 


(A) Mrernop.—Take-offs and landings shall be made upwind when 
practicable. The take-off shall not be commenced until there is no 
risk of collision with landing aircraft and until preceding aircraft are 
clear of the field. Aircraft when taking off or landing shall observe the 
traffic lanes indicated by the field rules or signals. No take-off or 
landing shall be made from or on a public street or highway without 
the consent of the local governing authority and the approval of the 
Secretary of Commerce. 

(B) Coursre.—If practicable, when within 1,000 feet horizontally 
of the leeward side of the landing field the airplane shall maintain a 
direct course toward the landing zone. 

(C) Riaur over Grounp PLanns.—A landing plane has the right of 
way over planes moving on the ground or taking off. 
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(D) Givine Way.—When landing and maneuvering in preparation 
to land, the airplane at the greater height shall be responsible for 
avoiding the airplane at the lower height and shall, as regards landing, 
observe the rules governing overtaking aircraft. 

(Z) Disrress Lanpines.—An aircraft in distress shall be given 
free way in attempting to land. 


Sec. 76. Lights. 


(A) AneuLaR Limits.—The angular limits laid down in these rules 
will be determined as when the aircraft is in normal flying position. 

(B) AtrpLane Licuts.—Between one-half hour after sunset and 
one-half hour before sunrise airplanes in flight must show the following 
lights: 

(1) On the right side a green light and on the left side a red light, 
each showing unbroken light between two vertical planes whose dihedral 
angle is 110° when measured to the left and right, respectively, from 
dead ahead. These lights shall be visible at least 2 miles. 

(2) At the rear and as far aft as possible a white light shining rear- 
ward, visible in a dihedral angle of 140° bisected by a vertical plane 
through the line of flight and visible at least 3 miles. 

(C) Arrsurp Licurs.—Between one-half hour after sunset and one- 
half hour before sunrise airships shall carry and display the same lights 
that are prescribed for airplanes, excepting the side lights shall be 
doubled horizontally in a fore-and-aft position, and the rear light 
shall be doubled vertically. Lights in a pair shall be at least 7 feet 
apart. 

(D) Batioon Licuts.—A free balloon, between one-half hour after 
sunset and one-half hour before sunrise, shall display one white light 
not less than 20 feet below the car, visible for at least 2 miles. A fixed 
balloon, or airship, shall carry three lights—red, white, and red—in a 
vertical line, one over the other, visible at least 2 miles. The top red 
light shall be not less than 20 feet below the car, and the lights shall 
be not less than 7 nor more than 10 feet apart. 

(Z) Liguts WHEN SratTionary.—(1) Between one-half hour after 
sunset and one-half hour before sunrise all aircraft which are on the 
surface of water and not under control, or which are moored or anchored 
in navigation lanes, shall show a white light visible for at least 2 miles 
in all directioxs. 
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(2) Balloon and airship mooring cables between one-half hour 
after sunset and one-half hour before sunrise shall show groups of 3 
red lights at intervals of at least every 100 feet, measured from the 
basket, the first light in the first group to be approximately 20 feet 
from the lower red balloon light. The object to which the balloon 
is moored on the ground shall have a similar group of lights to mark 
its position. 


Sec. 77. Day Marks of Masts, Etc. 


By day, balloon and airship mooring cables shall be marked with 
tubular streamers not less than 8 inches in diameter and 7 feet long 
and marked with alternate bands of white and red, 20 inches in width. 
The object to which the balloon or airship is moored on the ground 
shall have the same kind of streamers, which must be in the same 
position as the lights specified herein. 


Sec. 78. Signals. , 


(A) Distress.—The following signals, separately or together, 
shall, where practicable, be used in case cf distress: 

(1) The international signal, S O §, by radio. 

(2) The international-code flag signal of distress, NC. 

(8) A square flag having either above or below it a ball, or anything 
resembling a ball. 

(B) Stanan WuHEN CoMPELLED To LAND.—When an aircraft is 
forced to land at night at a lighted airport it shall signal its forced 
landing by making a series of short flashes with its navigation lights 
if practicable to do so. 

(C) Foa Sieanats.—In fog, mist, or heavy weather an aircraft 
on the water in navigation lanes, when its engines are not running, 
shall signal its presence by a sound device emitting a signal for about 
five seconds in two-minute intervals. 


Sec. 79. Deviation from Air Traffic Rules. 


The air traffic rules may be deviated from when special circum- 
stances render a departure necessary to avoid immediate danger or 
when such departure is required because of stress of Weather conditions 


or other unavoidable cause. ~ - 


MISCELLANEOUS 629 


CHAPTER 8 
MISCELLANEOUS 
Sec. 80. Civil Penalties. 

“Any person who (1) violates any provision of subdivision (a) of this 
section or any entry or clearance regulation made under section 7, or 
(2) any customs or public health regulation made under such section, or 
(3) any immigration regulation made under such section, shall be 
subject to a civil penalty of $500, which may be remitted or mitigated 
by the Secretary of Commerce, the Secretary of the Treasury, or the 
Secretary of Labor, respectively, in accordance with such proceedings 
as the Secretary shall by regulation prescribe * * *.” (Air commerce 
act of 1926, sec. 11 (b).) 


Sec. 81. Penalty proceedings. 

The Secretary of Commerce, or his duly authorized representative, 
will notify all persons of the incursion of penalties subject to mitigation 
or remission by the Secretary, and any person charged with a civil 
penalty may transmit to the Secretary of Commerce, within the time 
prescribed in the notification of such penalty, an affidavit stating the 
facts upon which the request for mitigation or remission is based. The 
Secretary of Commerce wil then determine whether or not the penalty 
will be mitigated or remitted, and the person making the request will 
be notified accordingly. 


Sec. 82. Waiver of Regulations. 

The Secretary of Commerce may waive any of the requirements 
of these regulations when, in his discretion, the particular facts justify 
such waiver. 


Sec. 83. Savings Clause. 

An aircraft required to be licensed under the air commerce act 
of 1926 may operate under a letter of authority from the Secretary of 
Commerce or his duly authorized representative pending the official 
inspection of such aircraft, provided an application for aircraft license 
is on file with the Secretary of Commerce and all the provisions of these 
regulations have been complied with. 

In so far as these regulations amend the existing regulations they 
shall become effective on June 1, 1928, except as to sections 10 and 11, 
which shall become effective on August 1, 1928. 


SECTION XV 
NOMENCLATURE FOR AERONAUTICS 
By Tue Nationat ApvisoRY CoMMITTEE FOR AERONAUTICS 


Accelerometer—An instrument for indicating, measuring, or recording 
accelerations. 

Aerodynamics—The branch of dynamics which treats of the motion 
of air and other gaseous fluids and of the forces acting on solids in 
motion relative to such fluids. 

Aeronautics—The science and art pertaining to the flight of aircraft. 

Aerostat—A generic term for aircraft whose support is chiefly due to 
buoyancy derived from aerostatic forces. The immersed body 
consists of one or more bags, cells, or other containers, filled with 
a gas which is lighter than air. | 

Syn.—Lighter-than-air Craft. Includes airship and balloon, g. v. 

Aerostatics—The science that treats of the equilibrium of gaseous fluids 
and of solid bodies immersed in them. 

As an aeronautic term, it relates to those properties of lighter- 
than-air craft which are due to the buoyancy of the air. 

Aerostation—The art of operating aerostats. 

Aileron—A hinged or pivoted movable auxiliary surface of an airplane, 
usually part of the trailing edge of a wing, the primary function of 
which is to impress a rolling moment on the airplane. 

Aircraft—Any weight-carrying device or structure designed to be 
supported by the air, either by buoyancy or by dynamic action. 

Air duct—A tube, usually of fabric, supplying air for filling or for 
maintaining pressure in air-filled parts of an aerostat. 

a. The duct joining the vertical and lateral lobes of a kite balloon. 
Sometimes called ‘‘interconnecting sleeve” or ‘‘trousers’ 
(British). 

b. The duct leading from the air scoop or blower of a non-rigid 01 
semirigid airship to the ballonet or ballonets. 

630 
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Airfoil—Any surface designed to be projected through the air in order to 
produce a useful dynamic reaction. 

Airfoil section (or profile)—A cross-section of an airfoil made by a plane 
parallel to a specified reference plane. A line perpendicular to this 
plane is called the axis of the airfoil. 

Air log—An instrument for measuring the linear travel of an aircraft 
relative to the air. One form consists of a windmill with a revolu- 
tion counter. 

Airplane-——A mechanically driven aircraft, heavier than air, fitted 
with fixed wings, and supported by the dynamic action of 
the air. 

Airplane, pusher—An airplane with the propeller or propellers in the 
rear of the main supporting surfaces. 

Airplane, tandem—An airplane with two or more sets of wings of sub- 
stantially the same area (not including the tail unit) placed one in 
front of the other and on about the same level. 

Airplane, tractor—An airplane with the propeller or propellers forward 
of the main supporting surfaces.~ - 

Airport—A locality, either of water or land, which is adapted for the 
landing and taking off of aircraft and which provides facilities for 
shelter, supply, and repair of aircraft; or a place used regularly 
for receiving or discharging passengers or cargo by air. 

Air scoop—A projecting scoop which uses the wind or slip stream 
to maintain air pressure in the interior of the ballonet of an aecrostat. 

A similar device is sometimes used on airplanes to produce 
ventilation. 

Airship—An aerostat provided with a propelling system and with means 
of controlling the direction of motion. When its power plant is 
not operating, it acts like a free balloon. 

Non-rigid—An airship whose form is maintained by the internal 
pressure in the gas bags and ballonets. 

Rigid—An airship whose form is maintained by a rigid structure. 

Semirigid—An airship whose form is maintained by means of a rigid 
or jointed keel in conjunction with internal pressure in the gas 
containers and ballonets. 

The term ‘‘airship”’ is sometimes incorrectly applied to heavier- 

than-air craft either in full or as “ship.” Thisis a slang use of the 
word and should be avoided. 
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Air speed—The speed of an aircraft relative to the air. Its symbol is V. 

Air speed meter: 

Air-speed indicator—An instrument for indicating the speed of an 

aircraft relative to the air. It is actuated by the pressure developed 

in a suitable pressure nozzle or against a suitable obstruction and is 
graduated to give true air speed at a standard air density. 

The speed indicated by the instrument is termed the “indicated 
air speed.” (The indicated speed is a direct measure of the lift 
or drag exerted on the airplane at any altitude. Stalling at all 
altitudes occurs for the same value of the indicated speed.) 

True air-speed meter—An instrument for measuring the true speed 
of an aircraft relative totheair. The Biram and Robinson anemom- 
eters are of this type. 

Airway—aAn air route between air-traffic centers which is over terrain 
best suited for emergency landings, with landing fields at intervals 
equipped with aids to air navigation and a communication system 
for the transmission of information pertinent to the operation of 
aircraft. 

The term “airway”? may apply to an air route for either land- 
planes or seaplanes or both. 

Alarm, gas-cell—A device, fitted adjacent to a gas cell, which indicates 
or warns when a predetermined limiting pressure has been reached 
in the gas cell. Also called “pressure alarm.” 

Altigraph—aAn altimeter equipped with a recording mechanism. Pres- 
ent instruments are of the aneroid type. The chart, driven by 
clockwork, is usually graduated in feet or meters, in accordance 
with some empirical or arbitrary pressure-temperature-altitude 
formula. In other words, it is a barograph whose scale is designed 
to read heights. 

Altimeter—An instrument for measuring or indicating the elevation of 
an aircraft above a given datum plane. 

Altimeter, aneroid—aAn altimeter, the indications of which depend on 
the deflection of a pressure-sensitive element. The graduations of 
the dial correspond to an empirical or arbitrary pressure-tempera- 
ture-altitude formula. 

Altimeter, electrical-capacity—An altimeter, the indications of which 
depend on the variation of an electrical capatity with distance 
from the earth’s surface. 
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Altimeter, engine—An altimeter for indicating the altitude correspond- 
ing to the pressure produced in the intake manifold of a super- 
charged engine. 

Altimeter, optical—An altimeter, the indications of which depend on the 
manipulation of a suitable optical system. 

Altimeter, sound-ranging—An altimeter, the indications of which 
depend on the measurement of the time required for a sound wave 
to travel from the aircraft to the earth and back. 

Amphibian—An airplane designed to rise from and alight on either land 
or water. 

Anchor, sea—An open fabric bag carried on an aircraft and arranged to 
offer considerable resistance when towed mouth first through the 
water. Tripping or collapsing devices may be incorporated in it. 
Also called “drogue.” 

Anchorage, snatch-block—An anchorage set in the ground for a snatch 
block used with a yaw line from a mooring mast. The anchorages 
may be of concrete or timber-and are usually arranged at equal 
intervals around the circumference of a circle whose center is the 
mast; may also be applied to any anchorage for a snatch block used 
in hauling down an airship or kite balloon. 

Anemometer—An instrument for indicating or measuring the speed of 
an air stream. 

Angle, aileron—The angular displacement of an aileron from its neutral 
position. It is positive when the trailing edge of the aileron is 
below the neutral position. 

Angle, critical—An angle of attack at which the flow about an airfoil 
changes abruptly with corresponding abrupt changes in the lift and 
drag. 

Angle, downwash—The angle through which an air stream is deflected 
by any lifting surface of an airplane. It is measured in a plane 
parallel to the plane of symmetry and is denoted by the 
symbol e. 

Angle, drift—The horizontal angle between the longitudinal axis of an 
aircraft and its path relative to the ground. 

Angle, effective helix—The angle of the helix described by a particular 
point on a propeller blade as the airplane moves forward through 
air otherwise undisturbed. It is equal to the angle whose tangent 
is the ratio of the velocity of flight to the product of the four quanti- 
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ties: 27, r (the distance from the axis to the point in question), and 
n (the number of revolutions per second), 7.e., 


® = tan! ( u ) 
2r rn 


Angle, elevator—The angular displacement of the elevator from its 
neutral position. It is positive when the trailing edge of the 
elevator is below the neutral position. 

Angle, landing—-The acute angle between the line of thrust of an air- 
plane and the horizontal when the airplane is resting on level 
ground in its natural position. Also called ‘‘ground angle.” 

Angle, longitudinal dihedral—The difference in angle of wing setting 
and of stabilizer setting. (This angle is positive when the angle of 
stabilizer setting, referred to the thrust line, is less than the angle 
of wing setting.) 

Angle, minimum gliding—The acute angle between the horizontal and 
the most nearly horizontal path along which an airplane can descend 
steadily in still air when the propeller is giving no thrust. 

Angle of attack—The acute angle between the chord of an airfoil and its 
direction of motion relative to the air. (This definition may be 
extended to other bodies than airfoils.) Its symbol is a. 

Angle of incidence of wing—See Angle of wing setting. 

Angle of pitch—The acute angle between two planes defined as follows: 
One plane includes the lateral axis of the aircraft and the direction of 
the relative wind; the other plane includes the lateral axis and the 
longitudinal axis. (In normal flight the angle of pitch is, then, 
the angle between the longitudinal axis and the direction of the 
relative wind.) This angle is denoted by © and is positive when 
the nose of the aircraft has risen. 

Angle of roll, or angle of bank—The acute angle through which an air- 
craft must be rotated about its longitudinal axis in order to bring 
its lateral axis into a horizontal plane. This angle is denoted by 
® and is positive when the left wing is higher than the right. 


Angle of stabilizer setting—The acute angle between the line of thrust 
of an airplane and the chord of the stabilizer. 

Angle of wing setting—The acute angle between the plane of wing chord 
and the line of thrust. It may differ for each wing. 
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Angle of yaw—The acute angle between the direction of the relative wind 
and the plane of symmetry of an aircraft. This angle is denoted 
by W and is positive when the aircraft has turned to the right. 

Angle, propeller-blade—The acute angle between the chord of a pro- 
peller section and a plane perpendicular to the axis of rotation of 
the propeller. Usually called “blade angle.” 

Angle, rudder—The acute angle between the rudder and the plane of 
symmetry of the aircraft. It is positive when the trailing edge 
has moved to the left with reference to the normal position of 
the pilot. 

Angle, wind-dihedral or dihedral—The acute angle between the trans- 
verse reference line in the wing surface and the lateral axis of the 
airplane projected on a plane perpendicular to the longitudinal axis. 
The dihedral angle is positive when the upper obtuse angle for the 
two wings is less than 180 degrees. 

Angle, zero-lift—The angle of attack of an airfoil when its lift is zero. 

Antiflutter wire—See Wire (airship), antiflutter. 

Apparatus, water-recovery—Apparatus carried on an airship for con- 
densing and recovering the water contained in the exhaust gases of 
internal combustion engines in order to avoid the necessity of 
valving gas as the fuel is consumed. 

Appendix—The tube, usually located at the bottom of a balloon, pri- 
marily used for inflation and deflation. In the case of a free 
balloon, it may also serve as an automatic-discharge opening. 
Originally applied to free balloons only. Should be restricted to 
the various types of balloons and not applied to airships. 

Appendix manhole—See Manhole, appendix. 

Apron—A hard surface area of considerable extent immediately in front 
of the entrance of a hangar or aircraft shelter which is used for the 
handling of aircraft or for repair in clear weather. 

Aspect ratio—The ratio of span to mean chord of an airfoil, 7.e., the 
ratio of the square of the maximum span to the total area of an 
airfoil. 

Aspect ratio of propeller blade—Half the ratio of propeller diameter to 
maximum blade width. 

Attitude—The position of an aircraft as determined by the inclination of 
its axes to some frame of reference. If not otherwise specified, 
this frame of reference is fixed to the earth. 
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Aviation—The art of operating heavier-than-air craft. 

Axes of an aircraft—Three fixed lines of reference, usually centroidal 
and mutually perpendicular. The longitudinal axis in the plane of 
symmetry, usually parallel to the axis of the propeller, is called the 
longitudinal axis; the axis perpendicular to this in the plane of 
symmetry is called the normal axis; and the third axis perpendicu- 
lar to the other two is called the lateral axis. In mathematical dis- 
cussions, the first of these axes, drawn from front to rear, is called 
the X axis; the second, drawn upward, the Z axis; and the third, 
running from right to left, the Y axis. 

Balanced surface—A control surface which extends on both sides of 
the axis of the hinge or pivot in such a manner as to reduce the 
moment of the air forces about the hinge. 

Ballast—Any substance, usually sand or water, carried in a balloon or 
airship and intended to be thrown out, if necessary, for the purpose 
of reducing the load carried and thus altering the aerostatic relations. 

Ballonet—A compartment of variable volume constructed of fabric, or 
partitioned off, within the interior of a balloon or airship. It is 
usually partially inflated with air, under the control of valves, from 
a blower or from an air scoop. By the blowing in or letting out of 
air, it setves to compensate for changes of volume in the gas con- 
tained in the envelope and to maintain the gas pressure, thus pre- 
venting deformation or structural failure. By means of two or 
more ballonets, often used in non-rigid airships, the trim can also 
be controlled. The ballonet should not be confused with gas cell. 

Balloon—An aerostat without a propelling system. 

Barrage—A small captive balloon, used to support wires or nets 
which are intended as a protection against attacks by aircraft. 

Captive—aA balloon restrained from free flight by means of a cable 
attaching it to the earth. 

Constant pressure—A supply balloon arranged to maintain a constant 
pressure of gas in a moored or docked aerostat. 

Free—A balloon, usually spherical, whose ascent and descent may be 
controlled by use of ballast or with a loss of the contained gas, and 
whose direction of flight is determined by the wind. 

Kite—An elongated form of captive balloon, fitted with lobes to keep 
it headed into the wind and usually deriving increased lift due to 
its axis being inclined to the wind. 
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Nurse—Sometimes used to refer to a constant-pressure balloon. 

Observation—A captive balloon used to provide an elevated observa- 
tion post. 

Pilot—A small balloon sent up to show the direction and speed of the 
wind. ; 

Propaganda—aA small free balloon sent up without passengers but with 
a device by which papers or documents may be dropped at intervals. 

Sounding—A small balloon sent up without passengers but with 
recording meteorological instruments. 

Supply—A container made of heavy fabric employed as a portable 
means of storing gas at low pressure. It is usually too heavy to 
rise, even if free. 

Triangulation—A small captive balloon used as a mark on which to 
sight in a triangulation survey. 

Balloon bed—A mooring place on the ground for a captive balloon. 

Balloon fabric—See Fabric, balloon. 

Band: 

Drip—sSee Flap, drip. 

Mooring—A band of tape or SA , over the top of a kite balloon, 
to which the mooring ropes are diached It forms part of a 
mooring harness. 

Suspension—A horizontal fabric band, securely fastened to the 
envelope of a balloon or airship, and to which are attached the 
main suspensions of the basket or car, or the captive cable of a kite 
balloon. 

Trajectory—A band of webbing carried in a special curve over the 
surface of the envelope of an airship to distribute the stresses due to 
the suspension of the car. 

Bank—To incline an airplane laterally, 7.e., to rotate it about its longi- 
tudinal axis. Right-bank is to incline the airplane with the right 
wing down. 

Also used as a noun to describe the position of an airplane when 
its lateral axis is inclined to the horizontal. 

Bank, angle of—See Angle of roll. 

Barograph—An instrument for recording the barometric or static 
pressure of the atmosphere. 

Bar, suspension—A bar to which the supporting ropes of the basket of 
a balloén are secured. It is also fitted with ropes and toggles for 


638 THE AIRCRAFT HANDBOOK 


attaching to the basket suspensions from the balloon. Also called 
“trapeze bar.” 

Basket—The structure suspended beneath a balloon, for carrying 
passengers, ballast, ete. 

It is usually used on a free or kite balloon. 

Batonet—A special form of toggle, usually quite slender and truly 
cylindrical, except for the groove, and used to attach the rigging of 
a balloon or airship to a fabric loop or suspension band on the 
envelope. 

Bay (body parts)—The portion of a face of a truss, or of a fuselage, 
between adjacent bulkheads or adjacent struts or frame positions. 

Biplane—An airplane with two main supporting surfaces placed one 
above the other. 

Blade back—The side of a propeller blade which corresponds to the 
upper surface of an airfoil. 

Blade face—The surface of a propeller blade which corresponds to the 
lower surface of an airfoil. Sometimes called “thrust face,” or 
“driving face.” 

Blade-width ratio—The ratio of the developed width of a propeller blade 
at any point to the circumference of a circle whose radius is the 
distance of that point from the propeller axis. 

Blimp—A small, non-rigid airship. ‘‘ Airship” is to be preferred. 

Body—The fuselage or hull, or nacelle (including cowling and covering) 
and nacelle mounting. 

Bonnet—See Hood, valve. 

Bow-heavy—The condition of an airship which, when at rest in still 
air, trims with its axis inclined down by the bow. The term 
“bow-heavy”’ is preferred to ‘‘nose-heavy’’ in describing airships. 

Bow-steadying line—See Line, yaw. 

Brake mean effective pressure—The net unit pressure which, if applied 
during the power strokes to the pistons of an engine having no 
mechanical losses, would produce the given brake horsepower at 
the stated speed. 

Breathing—The passage of air into or out of an aerostat, due to the 
changing of its volume. 

Bridle—A sling of cordage or wire which has its ends fixed at two differ- 
ent points, to the bight of which a single line may be attached, either 
movable or fixed, thus distributing the pull of the single line to two 


NOMENCLATURE FOR AERONAUTICS 639 


points or more in the case of a multiple bridle. This term is also 
used to refer to a towing or mooring line having two legs and intended 
to reduce yawing when towing or mooring. 

Bull’s-eye—A circular thimble. 

Buoyancy—The upward air force on an aerostat which is derived from 
aerostatic conditions. It is equal to the weight of the air displaced. 

Buoyancy, center of (aerostat)—The center of gravity of the volume of 
the contained gas. 

Burbling—The interruption of airflow over upper surface of wings 
interfering with pilot’s control of plane at stalling speed. 
Cabane—A framework for supporting the wings at the fuselage; also 

applied to the system of trussing used to support overhang in a wing. 

Cable, axial—The axial member (usually steel-wire cable) sometimes 
fitted in a rigid airship. It is attached to the central fitting of the 
radial or diametral wires of each main transverse and to the hull 
structure at bow and stern. Its purpose is to provide support 
for the radial or diametral wires in an axial direction and thus 
assist them to sustain the load which might be caused by unequal 
pressure in adjacent cells or by the ele s being pitched to a 
large angle. 

Camber—The rise in the curve of an airfoil section from its chord, usually 
expressed as the ratio of the departure of the curve from the chord 
to the length of the chord. ‘‘Upper camber” refers to the upper 
surface of an airfoil and ‘lower camber” to the lower surface; 
“mean camber” is the mean of these two. 

Capacity—The volume of the gas-containing portion of an aerostat. 

Capacity, nominal gas—The volume of the envelope of gas cells of an 
aerostat under certain conditions of pressure and inflation which 
have been defined. It is rarely the same as the true full volume. 
This is usually very difficult to determine accurately, especially in 
the case of rigid airships. Sometimes called “volume.” 

Cap, bow—(1) A cap of metal or fabric used to reinforce the extreme 
forward ends of the bow stiffeners of a non-rigid or semirigid airship. 

(2) The conical or cap-shaped structure at the extreme bow of a 
rigid airship to which the longitudinal girders are attached and 
which supports the bow mooring spindle. 

Cap, nose—See Cap, bow, which is to be preferred. 

Captive palloon—Sce Balloon, captive. 
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Car—That portion of an airship which is intended to carry power unit or 
units, personnel, cargo, or equipment. It may be suspended from 
the buoyant portion, or it may be built close up against it. It is 
not to be applied to parts of the keel of a rigid or semirigid airship 
which have been fitted for the purposes mentioned. 

Car, control—The car of an airship in which controls are centralized and 
from which it is operated. 

Carrier, fin—A frame to which the inboard edge of the fin of a non-rigid 
or semirigid airship is attached, so as to prevent the edge of the fin 
from sinking into the envelope. 

Car, side—See Car, wing. 

Car, wing—A car suspended off the center line of an airship. It is also 
called ‘‘side car.”’ 

Catenary—A line or length of cordage which is secured to or in a piece of 
fabric in the form of a catenary curve or a series of such curves. 

Ceiling: 

Absolute—The maximum height above sea level at which a given air- 
plane would be able to maintain horizontal flight, assuming standard 
air conditions. 

Service—The height above sea level, assuming standard air condi- 
tions, at which a given airplane ceases to be able to rise at a rate 
higher than a small specified one (100 feet per minute in the United 
States and England). This specified rate may be different in differ- 
ent countries. 

Ceiling, static—The altitude in standard atmosphere, at which an aero- 
stat is in static equilibrium after removal of all dischargeable 
weights. 

Cell, gas—One of the gas-containing units fitted in a rigid airship. 
Sometimes called “gas bag.” 

Center of pressure coefficient—The ratio of the distance of the center of 
pressure from the leading edge to the chord length. 

Center of pressure of an airfoil section—The point in the chord of an 
airfoil section, prolonged if necessary, which is at the intersection of 
the chord and the line of action of the resultant air force. Its 
abbreviation is C. P. 

Chord (of an airfoil section)—The line of a straight-edge brought into 
contact with the lower surface of the section at two points; in the 
case of an airfoil having double-convex camber, the straight line 
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joining the leading and trailing edges. (These edges may be 
defined, for this purpose, as the two points in the section which are 
farthest apart.) 

The line adjoining the leading and trailing edges should be used 
also in those cases in which the lower surface is convex except for a 
short, flat portion. 

The method used for determining the chord should always be 
explicitly stated for those sections with regard to which ambiguity 
seems likely to arise. 

Chord length—The length of the projection of the airfoil section on its 
chord. Its symbol is ec. 

Chord, mean, of a combination of wings—The ratio 

CwS1 + CxS2 + 63983 + + = 
Bie Ss + Sst<- 2 4 
where ¢;, C2, ¢3, etc., are the mean chords of various wings, and S,, 
So, Ss, ete., are their areas. 

Chord, mean of a wing—The quotient obtained by dividing the wing 
area by the extreme dimension of the wing projection at right 
angles to the chord. 

Chord wire—See Wire (airship), chord. 

Cloth—Fabric delivered by the bleachery or finisher before it has been 
proofed, doped, or specially treated for aeronautic use. 

Cloth, ground—Canvas placed beneath an aerostat for its protection 
during inflation and deflation. 

Cockpit—The open spaces in which the pilot and passengers are accom- 
modated. When the cockpit is completely housed in it is called a 
cabin. 

Compartment, control—A compartment in the control car of an airship 
from which all controls are operated. It may be compared to the 
pilot house of a ship. 

Compass, induction—A compass, the indications of which depend on 
the current generated in a coil revolving in the earth’s magnetic field. 

Condenser, water-recovery—That part of the water-recovery appara- 
tus which is devoted to the condensing of water in the exhaust gases. 
It may consist of a number of metal tubes or of a fabric box with 
appropriate inlets, outlets, and baffles. 

Cone, axial+-The cone-shaped fabric, fitting in the end of a gas cell of a 
rigid airship, which provides a gas-tight connection of the cell to the 
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axial cable and yet permits the cell some degree of freedom in its 
movements. A special form of conical sleeve. 

Cone, danger—A pennant on the wire cable of a captive balloon to warn 
aircraft of its presence. Usually a hollow cone of light cloth. 
Cone, mooring—The grooved conical member at the extreme bow of an 
airship which engages with a hollow cone at the top of the mooring 
mast and provides the coupling between the airship and the mooring 

mast. 

Container, gas—See Cell, gas, which is to be preferred. 

Controllability—The quality in an airplane which makes it possible for 
the pilot to change its altitude easily and with the exertion of but 
little force. 

Controls—A general term applied to the means provided to enable the 
pilot to control the speed, direction of flight, altitude, and power of 
an aircraft. 

Air controls—The means employed to operate the control surfaces of 
the aircraft. 

Engine controls—The means employed to control the power output of 
the engines. (Control of speed may be effected by the air controls 
or the engine controls independently, or by either in conjunction 
with the other.) 

Control stick—The vertical lever by means of which the longitudinal and 
lateral controls of an airplane are operated. Pitching is controlled 
by a fore-and-aft movement of the stick, rolling by a side-to-side 
movement. 

Cord, rip—The rope running from the rip panel to the car or basket, the 
pulling of which tears off or rips the rip panel and causes immediate 
deflation. 

Cover, outer—The outside covering of the hull of a rigid airship, usually 
of some kind of fabric. Sometimes called the “envelope.” 

Cover, valve—See Hood, valve. 

Cowling—A removable covering which extends over or around the engine, 
and sometimes over a portion of the fuselage or nacelle as well. 

Cradle: 

Building—A support provided for the frame of a rigid airship or the 
keel of a semirigid airship during construction. 

Docking—A support for thecar of an airship while it is being inflated 
in the shed. Mostly used with vigid airships. 
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Crew, ground—See Crew, landing. 

Crew, landing—A detail of men necessary for the landing and handling 
of an airship.on the ground. A “ground crew.” 

Crow’s-foot—A system of diverging short ropes for distributing the 
pull of a single rope. 

An arrangement in which the strands of a cord are opened out so 
that they can be effectively cemented to a fabric surface. 

Damping factor—The factor e-d' in the equation of damped _har- 
monic motion. 

s = Ae - sin pt. 

Dead load—See Weight, empty, which is to be preferred. 

Decalage—The acute angle between the wing chords of a biplane or 
multiplane. 

Deflation—The act of removing gas and air from an aerostat. 

Diaphragm, ballonet—The fabric partition between the gas and air 
compartments of the envelope of a non-rigid or semirigid airship or 
kite balloon. : 

Dihedral angle—See Angle, wing-dihedral 

Dirigible—That can be directed; steerable; as a dirigible balloon. Its 
use as a noun to indicate an airship is improper. 

Displacement—The mass of air displaced by the gas used for inflation. 
It may be expressed as a weight or volume. in the latter case it is 
usua ly called “volume.” 

Displacement, aerodynamic volume or air volume—The weight of a mass 
of air equal to the aerodynamic volume of the airship in N. A.C. A. 
standard atmosphere at sea level. 

Dive—A steep descent, with or without power, in which the air speed is 
greater than the maximum speed in horizontal flight. 

Divergence—A motion in which, after a disturbance from equilibrium, 
the body departs continuously, without oscillations, from its original 
state of motion. 

Dock—<A term sometimes applied to an airship shed. 

Dope (airplane)—The ‘iquid material applied to the cloth surfaces of 
airplanes to increase strength, to produce tautness by shrinking, and 
to act as a filler for maintaining air tightness. 

Dope (airship)—The liquid material applied to rubberized airship fabric 
to inergase gas tightness. In contrast with airplane dope, it does 
not cause shrinking 
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Dope (pigmented)—An aircraft dope to which a pigment has been added 
to make an opaque finish, or to protect it from the effects of sunlight. - 
Drag—The component parallel to the relative wind of the total air force 

on an aircraft or airfoil. Its symbol is D. 
The absolute drag coefficient is Cp, as defined by the equation 


nS 5 in which D is the drag, q is the impact pressure (= 14pV2), 


and S is the effective area of the surface upon which the air force 
acts. 

In the case of an airplane, that part of the drag due to the wings is 
called ‘wing drag;” that due to the rest of the airplane is called 
“structural drag”’ or ‘‘parasite resistance.”’ 

Induced—That portion of the wing drag induced by, or resulting from, 
the generation of the lift. 

Profile—That portion of the wing drag which is due to friction and 
turbulence in the fluid and which would be absent in a nonviscous 
fluid. : 

Drag, mooring—A movable and/or variable weight, suspended from the 
afterpart of an airship’s structure while moored at a mast, to aid in 
restraining the vertical and lateral motions of the stern of the airship. 

Drift—The ‘ateral velocity of an aircraft due to air currents. 

Drift bar—A part of a drift meter or other instrument for indicating the 
apparent direction of motion of the ground relative to the fore-and- 
aft axis of the aircraft. It usually consists of a wire or arm which 
can be set along this direction of motion. Cf. drift. 

Drift meter—An instrument for measuring the angle between the fore- 
and-aft axis of an aircraft and its path over the ground. One form 
consists of a drift bar provided with a suitable angular scale. (Cf. 
drift.) The instrument is graduated to read correctly when it is 
level. 

Drip band—See Flap, drip. 

Drip strip—See Flap, drip. 

D-ring—A ring having (as the name implies) the shape of a capital D, 
to which rope suspensions are attached. 

Drogue—See Anchor, sea. 

Duralumin—An alloy of aluminum which is much used in aeronautics, 
especially for the structure of airships and airplanes. Its chemical 
composition and physical properties are about as follows: 
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Copper, 3.5 to 4.5 per cent. 

Manganese, 0.4 to 1 per cent. 

Magnesium, 0.2 to 0.75 per cent. 

Aluminum, 92 per cent, minimum. 

Tensile strength, ultimate, 55,000 pounds per square inch. 

Tensile strength at elastic limit, 30,000 pounds per square inch. 

Elongation of 2 inches at ultimate strength (test specimen 14 
inch wide), 18 per cent. 

Specific gravity not more than 2.85. 

Dynamic factor—The ratio between the load carried by any part of an 
aircraft when accelerating and the corresponding basic load. 

Dynamic (or impact) pressure—The product 44pV?, where p is the den- 
sity of the air and V is the relative speed of the air. It is the 
quantity measured by most air-speed instruments. Its symbol is q. 

Earth induction compass—See Compass, induction. 

Elevator—A movable auxiliary airfoil, the function of which is to impress 
a pitching moment on the aircraft. The elevator is usually hinged 
to the stabilizer. 

Endurance—The maximum length of time an aircraft can remain in the 
air at a given speed and altitude. 

Engine, barrel-type—An engine having its cylinders arranged equi- 
distant from and parallel to the main shaft. 

Engine, dry weight of an—The weight of the engine, including carbureter 
and ignition systems complete, propeller-hub assembly, reduction 
gears, if any, but excluding exhaust manifolds, oil, and water. 
If the starter is built into the engine as an integral part of the 
structure, its weight shall be included. 

Engine, inverted—An engine having its cylinders below the crankshaft. 

Engine, left-hand—An engine whose propeller shaft, to an observer 
facing the propeller from the antipropeller end of the shaft, rotates 
in a counter-clockwise direction. 

Engine, radial—An engine having stationary cylinders arranged radially 
around a common crankshaft. 

Engine, right-hand—An engine whose propeller shaft, to an observer 
facing the propeller from the antipropeller end of the shaft, rotates 
in a clockwise direction. 

Engine, rotary—An engine having revolving cylinders arranged radially 
around a common fixed crankshaft. 
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Engine, supercharged—An engine with mechanical means for increasing 
the cylinder charge beyond that normally taken in at the existing 
atmospheric pressure and temperature. 

Engine, vertical—An engine having its cylinders arranged vertically 
above the crankshaft. 

Engine, V-type —An- engine having its cylinders arranged in two rows, 
forming, in the end view, the letter V. 

Engine, W-type—An engine having its cylinders arranged in three 
rows, forming, in the end view, the letter W. Sometimes called 
the “broad-arrow type.” 

Entering edge—See Leading edge. 

Envelope—The outer-covering of an aerostat, usually of fabric. It 
may or may not be also the gas container. It may be divided by 
diaphragms into separate gas compartments or cells, and it may 
also contain internal air cells or ballonets. 

Equipment, ground—See Gear, ground. 

Fabric, balloon—The finished material, usually rubberized, of which 
balloon or airship envelopes are made. 

Biased—Plied fabric in which the threads of the plies are at an angle 
to each other 

Parallel—Plied fabric in which the threads of the plies are parallel to 
each other. 

Fabric, gas-cell—The fabric used in gas cells of rigid airships, usually 
goldbeater’s skin fabric, g. v. 

Fabric, goldbeater’s skin—A gas-containing fabric consisting of a 
layer of light, fine, strong cloth, usually cotton, to which one or 
more layers of goldbeater’s skins have been cemented. The skins 
are on the inside and are usually further protected by a coat of 
fine varnish. Usually used in the gas cells of rigid airships. 

Factor of safety—The ratio of the ultimate strength of a member to 
the maximum probable load in that member in actual use. 

Fairing—An auxiliary member or structure whose primary function is 
to reduce head resistance or drag of the part to which it is fitted 
(without, in general, contributing strength). 

Fin—A fixed surface, attached to a part of the aircraft, parallel to the 
longitudinal axis, in order to secure stability ; for example, tail fin, 
skid fin, etc. Fins are sometimes adjustable. 
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Fire wall—A fire-resistance transverse bulkhead, so set as to isolate the 
engine compartment from the other parts of the structure and thus 
to reduce the risk from fire in the engine compartment. 

Fitting—A generic term for any small part used in the structure of an 
airplane or airship. If without qualification, a metal part is usually 
understood. It may refer to other parts, such as fabric fittings. 

Fixed Surface—See Fin. 

Flap, drip—aA strip of fabric attached by one edge to the envelope of an 
aerostat so that rain runs off its free edge instead of dripping into 
the basket or car. It also assists in keeping the suspension ropes 
dry and non-conducting. Also called ‘drip band” and “drip strip.” 

Flap, pressure—aA flap valve fitted in the outer cover or envelope of a 
rigid airship and arranged to permit the rapid flow of air in and out 
—particularly inward. The purpose is to facilitate the rapid 
equalization of the pressure of the air within the envelope with 
that of the surrounding air. 

Flight, cross-country—A flight which necessitates leaving the vicinity of 
a regular landing field. 

Flight indicator—See Indicator, flight. 

Flight path—The path of the center of gravity of an aircraft with 
reference to the earth. 

Float—A completely inclosed water-tight structure attached to an 
aircraft in order to give it buoyancy and stability when in contact 
with the surface of the water. In float seaplanes the crew is 
carried in a fuselage or nacelle separate from the float. The term 
“yontoon”’ is now obsolete. 

Flying boat—A form of seaplane supported, when resting on the surface 
of the water, by a hull or hulls providing floatation in addition to 
serving as fuselages. For the central hull type, lateral stability is 
usually provided by wing-tip floats. The term “boat seaplane” 
is now obsolete. 

Force, cross-wind—The component, perpendicular to the lift and to 
the drag, of the total air force on the aircraft or any part thereof. 
Its symbol is C, and its absolute coefficient C: is defined by © 

C; 
Co = FS 

where q4s the impact pressure (= pV’) and S is the effective area 

of the surface upon which the air force acts. 
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Frame, field-handling—A portable frame which may be attached to 
an airship when it is on the ground and which is intended to afford 
a grasp to more men than could get on the handling rails of the 
cars. These frames are rarely carried when in flight. 

Framing, stern—All framework, aft of the cruciform girder, necessary 
to complete the’shape and contour of a rigid airship. 

Fuel (or oil) consumption, specific—The weight of fuel (or oil) consumed 
per brake horsepower-hour. 

Fuselage—The structure, of approximately streamline form, to which 
are attached the wings and tail unit of an airplane. In general, it 
contains the power plant, passengers, cargo, etc. 

Fuselage, monocoque—A type of fuselage construction wherein the 
structure consists of a thin shell of wood, metal, or other material, 
supported by ribs, frames, belt frames, or bulkheads, but usually 
without longitudinal members other than the shell itself. The 
whole is so disposed as to carry the stresses to which the structure 
is subjected. ’ 

Gap—tThe distance between the planes of the chords of any two adjacent 
wings, measured along a line perpendicular to the chord of the upper 
wing at any designated point of its leading edge. Its symbol is G. 

Gas bag—See Hull (airship) and Cell, gas. 

Gas container—See Cell, gas. 

Gassing—The operation of replenishing a balloon with fresh gas to 
increase the purity or to make up for loss of gas. 

Gassing factor—The quantity of acrostatic gas required to maintain 
an aerostat for 1 year. It is ordinarily expressed as a percentage 
of the gas volume. 

Gear, flotation—An emergency gear attached to a landplane to permit 
alighting on the water and to provide buoyancy when resting on 
the surface of the water. 

Gear, ground—tThe gear, or equipment, necessary for the landing and 
handling of an airship on the ground. 

Girder, box—Any girder of rectangular section. Frequently used to 
refer to the rectangular, longitudinal members in the keel of a 
rigid airship from which fuel tanks and gas bags are suspended. 

Girder, cruciform—The structure, consisting of vertical and horizontal 
transverse girders, whichis fitted at the stern of a rigid airship for 
the purpose of supporting the ‘inboard ends of the stern posts of 
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the fins or the rudder posts. It may be integral with the stern 
posts which form the afterends of the fins. 

Girder, fin—A girder of a rigid airship which goes to make up the fin. 

Girder, propeller reinforcing—A light additional member fitted in the 
structure of a rigid airship to reinforce those areas of the outer 
cover which are affected by the propeller wash. 

Girder, walkway—The girder forming the support of a walkway through 
the keel or in other localities in a rigid or semirigid airship. 

Gland—A short tube fitted to an envelope or gas bag in such a manner 
that a rope or line may slide through without leakage of gas or 
air. 

Gland, manometer-tube—A gland fitted to the envelope of an aerostat 
to form a gas-tight connection for the tube leading to the manom- 
eter in the car. Same as “‘pressure-tube gland.” 

Gland, pressure-tube—See Gland, manometer-tube. 

Glide—A descent with reference to the air at a normal angle of attack 
and without engine power sufficient for level flight in still air, the 
propeller thrust being replaced by a component of gravity along 
the line of flight. Also used as a verb. 

Glider—A form of aircraft similar to an airplane, but without a power 


plant. 
Gondola—The car of an airship. This use of the word is borrowed 
from the Italian via the German. ‘‘Car” is to be preferred. 


Gore—The portion of the envelope of a balloon or airship included 
between two adjacent meridian seams. 

Grab line—See Line, handling. 

Grommet—A small ring of cord. 

Ground angle—See Angle, landing. 

Ground crew—See Crew, landing. 

Ground equipment—See Gear, ground. 

Ground-speed meter—<An instrument for measuring the speed of an air- 
craft relative to the ground. In present types of instruments some 
reference line in the instrument must first be set parallel to the 
apparent direction of motion of the aircraft with reference to the 
ground before the speed measurement is made. This is usually 
accomplished by the use of a drift meter, the adjustment of which 
automatically orients the ground-speed meter properly. Thus, 
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both the magnitude and direction of the motion of the aircraft with 
reference to the ground are obtained. 

Guy, yaw—See Line, yaw. 

Hangar—A shelter for housing aircraft. More properly applied to 
heavier-than-air craft. 


Harness, mooring—A system of webbing bands, fitted over the top of | 


the envelope of a balloon, to which are attached the mooring ropes. 
Usually found only in kite balloons or observation balloons. 

Height, pressure—The altitude at which the gas cells of a rigid airship 
are full, or the gas bag of a non-rigid airship is completely full of gas. 

Helicopter—A form of aircraft whose sole support in the air is derived 
directly from the vertical component of the thrust produced by 
rotating airfoils. 

Hog—A distortion of an airship in which the longitudinal axis becomes 
convex upward so that both ends droop. 

Hood, gas-shaft—A hood, or cowl, located on the outer cover of a rigid 
airship at the outer end of a gas shaft. It is usually made of light 
wood and fabric and is faced to facilitate the escape of gas. Some- 
times called ‘“‘exhaust-gas hood.” 

In view of the possibility of confusion with the parts of an 
engine exhaust system, it is believed that ‘“‘gas-shaft hood” is to 
be preferred. 

Hood, maneuvering-valve—A hood, or cowl, located on the outer cover 
of a rigid airship just over a maneuvering valve. It is usually made 
of light wood or fabric and is faced to facilitate the escape of gas. 

Hood, valve—The appliance, having the form of a hood or parasol which 
protects the valve of an airship or balloon against rain. Also called 
“valve cover” or ‘‘bonnet.”’ 

Horn—A short lever attached to a control surface of an aircraft. For 
example, aileron horn, rudder horn, elevator horn. 

Horsepower of an engine, maximum—The maximum horsepower which 
an engine can develop. 

Horsepower of an engine, rated—The average horsepower developed by 
an engine of a given type in passing the standard 50-hour endur- 
ance test. 

Hull (airship)—The main structure of a rigid airship, consisting of a 
covered, elongated framework which incloses the gas cells and sup- 
ports the cars and equipment. _ May also be applied to the complete 
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buoyant unit of any aerostat. In this latter sense, sometimes called 
“oas bag.” 

Hull (seaplane)—The portion of a flying boat which furnishes buoyancy 
when in contact with the surface of the water. It contains accom- 
modations for the crew and passengers, usually incorporating the 
functions of a float and fuselage in one unit. 

Impact pressure—-See Dynamic (or Impact) pressure. 

Inclinometer—An instrument for indicating the attitude of an aircraft. 
Inclinometers are termed fore-and-aft, lateral, or universal, accord- 
ing as they indicate inclination on the vertical plane through the 
fore-and-aft axis, or in the vertical plane through the lateral axis, 
or in both planes, respectively. 

Inclinometer, absolute—An instrument which indicates the attitude of 
an aircraft with reference to the vertical. The indications of 
instruments of this type usually depend on gyroscopic action. 

Inclinometer, relative—An instrument which indicates the attitude of an 
aircraft with reference to apparent gravity, 7.e., to the resultant of 
the acceleration of the aircraft and that due to gravity. 

Indicator, air-speed—See Azr-speed meter. 

Indicator, ballonet-fullness—An instrument for indicating the volume 
of air in a ballonet. 

Indicator, flight—An instrument in which a lateral inclinometer, a fore- 
and-aft inclinometer, and a turn indicator are combined to form a 
compact unit. 

Indicator, gyroscopic turn—A turn indicator dependent on gyroscopic 
action. 

Indicator, pitch—An instrument for indicating the existence of a pitching 
velocity of an aircraft. Cf. turn ndicator. 

Indicator, static turn—A turn indicator actuated by the difference in 
pressure between static tubes mounted near the wing tips equidis- 
tant from the plane of symmetry and in a plane parallel to the 
lateral axis. 

Indicator, turn—An instrument for indicating the existence of an angu- 
lar velocity of turn of an aircraft about the normal axis. In hori- 
zontal flight it indicates the presence of a yawing velocity. ‘‘Turn 
meter”’ is the term applied to certain types. 

Indraft (inflow)—The flow of air from in front of the propeller into the 
blades. ” 
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Induction compass—See Compass, induction. 
Inflation—The act of filling a balloon or airship with gas. 
Inflow—See Indraft. 

Jackstay—A longitudinal rigging provided to maintain the correct dis- 
tance between various parts on fittings on an aerostat. | 

Keel (airship)—The assembly of members at the bottom of the hull of a 
semirigid or rigid airship which provides special strength to resist 
hogging and sagging and also serves to distribute the effect of con- 
centrated loads along the hull. It may be a simple Gall’s chain, as 
in some semirigids, or a very extensive structure inclosing the corri- 
dor, as in most rigids. 

King-post—The main compression member of a trussing system applied 
to support a single member subject to bending. 

Kite—An aircraft heavier than air, restrained by a tow line and sus- 
tained by the relative wind. 

Kymograph—An instrument for recording the angular oscillations 
of an aircraft in flight with respect to axes fixed in space. The 
reference direction is usually given by a gyroscope or a beam 
of sunlight. 

Landing field—A field of such a size and nature as to permit of aircraft’s 
landing and taking off in safety. It may or may not be part of an 
airport. 

Landing field, emergency—A locality, either of water or land, which is 
adapted for the landing and taking off of aircraft but which is not 
equipped with facilities for shelter, supply, and repair of aircraft and 
is not used regularly for the receipt or discharge of passengers or 
cargo by air. 

Landing gear—The understructure which supports the weight of an 
aircraft when in contact with the surface of the land or water and 
reduces the shock on landing. There are five common types—boat 
type, float type, skid type, wheel type, and ski type. (Amphibian 
may be a combination of the float or boat type with wheels or skis.) 

Landing T—A large symbol shaped like a capital T which is laid out on 
a landing field or on the top of a building to guide operators of air- 
craft in landing and taking off. 

Landplane—An airplane designed to rise from and alight on the land. 

Leading edge—The foremost edge of an airfoil or prdpeller blade. Also 
called “entering edge.” 
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Leak detector—An instrument which detects the presence of hydrogen 
and other light gases in the air and which can be adapted to find 
leaks in a container inflated with such a gas. 

Left side (engine)—That side which, to an observer looking from 
the antipropeller end toward the propeller end, lies on the 
left-hand side. 

Lift—That component of the total air force on an aircraft or airfoil which 
is perpendicular to the relative wind and in the plane of symmetry. 
It must be specified whether this applies to a complete aircraft or 
to parts thereof. In the case of an airship, this is often called 
“dynamic lift.” Its symbol is L. 

The absolute lift coefficient is C, as defined by the equation 
L 
CL = os 
in which L is the lift, ¢ is the impact pressure (= 4pV?), and S is 
the effective area of the surface upon which the air force acts. 

Lift (of a gas)—The difference of density of air and the gas. Both sup- 
posed to be under the same conditions of pressure, temperature, 
etc. 

Lift, dynamic—The lift impressed on an aerostat by aerodynamic forces. 

Lift, gross (airship)—The lift obtained from a volume of buoyant gas 
equal to the nominal gas capacity cf the aircraft. Obtained by 
multiplying the nominal gas capacity by the lift per unit volume of 
the gas used for inflation. 

Lift, static (aerostat)—-The resultant upward force on an aerostat at 
rest obtained by multiplying the actual volume of the air displaced 
by the density of the air and subtracting the weight of the contained 
gas. (The volume of the air displaced, multiplied by the difference 
of density of the air and the contained gas.) 

Lift, useful (airship)—The lift available for carrying fuel, and oil, 

"passengers, cargo, food, and drinking water, guns, ammunition, 
and bombs. Usually determined by deducting from the gross lift 
all fixed weights; certain allowances of ballast, fuel, and oil; water; 
spares and tools; crew and equipment. No standard has as yet 
been established. 

Lift wire—See Wire, lift. 

Line, bow-steadying—See Line, yaw. 

Line, grab—Sce Line, handling, and Rope drag. 
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Line, handling—A line attached along the side of an airship for use in 
maneuvering near and on the ground. Sometimes called “grab 
line.” 

Line, main mooring—The line dropped from the bow of an airship to 
be coupled to the mast main mooring line. 

Line, mast bow-steadying—See Line, mast yaw. 

Line, mast main hauling—Same as Mast main mooring line. 


Line, mast main mooring—A line led from the main winch of a mooring | 


mast through the mooring attachment at the top of the mast and 
carried out to a point on the ground well to leeward of the mast. 
The airship’s main mooring line is attached to this line and the air- 
ship is hauled to the mast by means of the joined lines. Sometimes 
called “ground wire” (British). 

Line, mast yaw—One of the lines led from a winch at the base of the 
mooring mast through snatch blocks and carried out to leeward 
of the mast. The airship’s yaw lines are attached to these lines. 
The snatch blocks are fixed to anchorages selected so that the joined 
lines tend to keep the airship into the wind and prevent her over- 
riding the mast. These lines are also sometimes called “mast yaw 
guys” or ‘‘mast bow-steadying lines.” 

Line, mooring—A line attached near the bow of an airship for securing 
it to the ground or to a mooring mast. 

Line, nose-steadying—See Line, yaw, which is to be preferred. 

Line, sandbag—A rope extending along the line of suspension ropes or 
bridles of a kite balloon to which are hooked the sandbags used in 
mooring the balloon. The purpose is to prevent wear on the sus- 
pension cordage. 

Lines, control—The lines of wire and/or stranded cable leading from 
the control car or compartment to the various parts of an air- 
ship and operating (either through mechanisms or directly) the 
rudders, valves, etc., which control the speed, altitude, etc., of 
the airship. 

Line, suspension—A line either of cordage or metal, which supports the 
weight attached to the envelope of a balloon or airship. 

Line, yaw—A line dropped from the bow of an airship, when mooring to 
the mast, to act as a steadying line to prevent yawing and overrid- 
ing the mast. Also called “bow-steadying line” or “yaw guy.” 
(“Side guy wire”—British.) 
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Load: 
Dead—See Weight, empty. 
Fulli— Weight empty plus useful load. Also called “gross weight.” 
Pay—That part of the useful load from which revenue is derived, viz., 
passengers and freight. 
Useful—The crew and passengers, oil, and fuel, ballast other than 
emergency, ordnance, and portable equipment. 

Load, basic—The load on an aircraft when it is at rest or in a condition 
of unaccelerated rectilinear flight. (For purposes of stress analysis.) 

Load, dynamic—Any load due to accelerations of an aircraft, and there- 
fore proportional to its mass. 

Load factor—The ratio of any specified load on a member to the corre- 
sponding basic load. Generally applied to the ratio of the breaking 
load to a basic load. 

Load ring—See Ring, concentration. 

Loading, power—The gross weight of an airplane, fully loaded, divided 
by the normal brake horsepower of the engine computed for air of 
standard density, unless otherwise stated. 

Loading, wing—The gross weight of an airplane, fully loaded, divided 
by the area of the supporting surface. The area used in computing 
the wing loading should include ailerons, but not the stabilizer and 
elevators. 

Lobe—An air- or gas-inflated bag fitted at the stern of a kite balloon 
and acting as a fin or stabilizer to give it aerodynamic stability. 

Logarithmic decrement—The natural logarithm of the ratio of two suc- 
cessive amplitudes in a damped harmonic motion. It is equal to 
the product XT, where } is the coefficient appearing in the damping 
factor of damped harmonic motion and T is the period of the 
motion. 

Longeron—A fore-and-aft member of the framing of an airplane fuselage 
or nacelle, usually continuous across a number of points of support. 

Longitudinal dihedral angle—See Angle, longitudinal dihedral. 

Longitudinal, intermediate—An intermediate longitudinal strength 
member of a rigid airship, which lies between two adjacent main 
longitudinals and is generally of lighter weight and/or smaller 
dimension than the main longitudinals. 

Longitudinaly main—A main longitudinal strength member, of a rigid 
airship, which connects the various transverse frames. 
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Loop, mooring—See Loop, sandbag. 

Loop, safety—A loop formed in a rip cord and attached to a securing ' 
patch by a breakable cord ora spring clip. It may be formed either 
inside the envelope and close to the rip panel or outside the envelope 
near the gland by which the rip cord passes through the envelope. 
Before the rip panel can be “pulled,” the breakable cord must be 
broken or the clip opened. Accidental “pulling” is thus made 
unlikely, as the weight of the cord is easily carried by the breakable 
cord or spring clip. 

Loop, sandbag—A system of cordage loops on the envelope of a balloon 
for suspending sandbags. See also Line, sandbag. 

Main hauling line—See Line, main mooring. 

Maneuverability—That quality in an aircraft which makes it possible 
for the pilot to change its attitude rapidly. 

Manhole, appendix—An appendix of large diameter and usually rather 
short. It is used more for access than for inflation or deflation. 

Manifold, inflation—A.metal or fabric connection with numerous inlets 
which permits the passage of gas at the same time from a number 
of sources (either cylinders or gas holders) to the main inflation tube. 

Mast bow-steadying line—See Lines, mast yaw. 

Mast, mooring—A mast or tower at the top of which there is mounted a 
fitting, so that the bow of an airship may be secured. It is usually 
provided with a ladder or staircase and a platform at the top, so 
that crew and passengers may enter or leave the airship, and also 
with piping for the supply of fuel, gas, and water. Sometimes 
called “mooring tower.” 

Meter, air-speed—Sece Air-speed meter. 

Meter, ground-speed—See Ground-speed meter. 

Meter, superheat—An instrument for measuring the difference in tem- 
perature between the gas in a gas container of a lighter-than-air 
craft and the surrounding air. 

Monoplane—An airplane which has but one main supporting surface, 
sometimes divided into two parts by the fuselage. 

Mooring, three-point—A system of mooring an airship. It consists 
primarily of three lines running from a mooring ring (or point) on 
the airship to three points on the ground. These points are usually 
at the vertices of an equilateral triangle. The lines may be secured 
to anchorages at the points, er run over snatch blocks and to 
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equalizing gear. The endeavor is to moor the airship in such a 
manner that the dynamic lift, due to the relative wind, shall keep 
the airship at a constant height from the ground. May be consid- 
ered as a substitute for a mooring mast, usually an emergency 
substitute. 

Mooring tower—See Mast, mooring. 

Multiplane—An airplane with two or more main supporting surfaces 
placed one above another. 

Nacelle—An inclosed shelter for passengers or for a power plant. A 
nacelle is usually shorter than a fuselage and does not carry the 
tail unit. 

Net: 

Free-balloon—A rigging made of ropes and twine shaped to the upper 
surface of the envelope, which supports the weight of the basket, 
etc., and distributes the load over the entire upper surface of the 
envelope. 

Gas-cell (rigid airship)—A netting of cord of small mesh which is 
intended to assist the fabric of the gas cells in transmitting gas force 
to a wire netting of coarser mesh and to the longitudinals, both 
being fitted between the longitudinals. It may be compared to the 
net of a free balloon. Sometimes called ‘‘gas-cell netting” or 
“cord netting.” 

Inflation—A rectangular net of cordage used to restrain the enve- 
lope of a kite balloon or airship during inflation. Also applied to a 
free-balloon net designed to be removed after inflation. 

Netting cord—See Net, gas cell (rigid airship). 

Nose (airship)—Sometimes used for bow. 

Nose batten—See Stiffener, bow. 

Nose cap—See Cap, bow, which is to be preferred. 

Nose-heavy—The condition of an airplane in normal flight when the 
distribution of forces is such that, if the longitudinal controls were 
released, the nose would drop. 

Nose-heavy (airship)—See Bow-heavy. 

Nose-steady line—See Line, yaw. 

Nozzle, pressure—An instrument which, in combination with a gage, 
is used to measure the indicated speed of an aircraft relative to the 
air. It may be a Pitot-static or a Venturi tube, or a combination 
of a Pitot tube and a Venturi tube. 
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Nurse balloon—See Balloon, constant pressure. 
Nursing tube—See Tube, supply. 


Ornithopter—A form of aircraft heavier than air, deriving its chief — 


support and propelling force from flapping wings. 

Oscillation, phugoid—A long-period oscillation characteristic of the 
disturbed longitudinal motion of an aircraft. This is referred to 
when it is said that an aircraft “hunts.” 

Oscillation, stable—An oscillation whose amplitude does not increase. 

Oscillation, unstable—An oscillation whose amplitude increases con- 
tinuously until an attitude is reached from which there is no tend- 
ency to return toward the original attitude, the motion becoming 
a steady divergence. 

Outrigger, mooring-cone—The member, usually tubular, which sup- 
ports the mooring cone at the bow of the airship. Sometimes 
referred to as ‘‘mooring spindle.” 

Over-all length—The distance from the extreme front to the extreme 
rear of an aircraft, including the propeller and the tail unit. 

Overhang—Used in two senses. (1) One-half of the difference in span 
of any two main supporting surfaces of an airplane. The overhang 
is positive when the upper of the two main supporting surfaces 
has the larger span. (2) The distance from the outer strut attach- 
ment to the tip of the wings. 

Pancake, to—To level off an airplane at a greater altitude than normal 
in a landing, thus causing it to stall and to descend on a steeply 
inclined path with the wings at a very large angle of attack and 
without appreciable bank. 

Panel (aerostat)—The unit piece of fabric of which the envelope or outer 
cover of an aerostat is made. Panels may be assembled into sections, 
gores, or rings, according to the method of manufacture followed. 

In rigid airships the area bounded by two adjacent longitudinals 
and two adjacent transverses is often referred to as a “panel.” 
This is a structural panel, and the expression is borrowed from 
structural engineers. 

Panel, rip—A strip of fabric inserted or fitted in the upper part of 
the envelope of a balloon or semirigid or non-rigid airship which 
is torn or ripped open when immediate deflation is desired. 

Panel (wing parts)—Where a wing surface compri8es several units of 
construction, these units are designated as panels. 
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Parasite resistance—See Drag. 

Patch—A strengthened or reinforced flap or fabric of special shape and 
construction, which is cemented to the envelope or gas cell. It 
usually forms an anchor by which some portion of the structure 
may be attached to the envelope, or by which the positioning lines 
controlling the gas cell may be attached to the cell. 

Patch, chafing—A patch of fabric secured to an envelope of an aerostat 
to protect it from abrasion. 

Patch, channel—A channel-shaped fabric-fitting secured to the 
envelope of an aerostat to allow a rod or spar to be laced to 
the envelope. 

Patch, finger—A special form of patch having extensions or ‘‘fingers”’ 
extending out from the central portion. The “fingers”? may be 
of tape, frayed-out rope, or fabric. Their function is to distrib- 
ute the load more widely to the fabric of the envelope or gas 
cells. 

Patch, suspension—<A patch, secured to the envelope or to a gas cell 
of an aerostat, to which a suspension line may be attached. 
Pendant, sighting—A vertical wire on center-line and forward of the 
control car of an airship, used as a mark in steering, to assist in 

determining wind direction. 

Period—The time taken for a complete oscillation. 

Permeability—The measure of the rate of diffusion of gas through 
intact balloon fabric; usually expressed in liters of hydrogen per 
Square meter of fabric per 24 hours, under standard conditions of 
pressure and temperature. 

Pilot—An operator of aircraft. This term is applied regardless of the 
sex of the operator. 

Pitch of a propeller: 

Effective—The distance which an aircraft advances along its flight 
path for one revolution of the propeller. Its symbol is p.. 

Geometrical—The distance which an element of a propeller would 
advance in one revolution, if it were moving along a helix of slope 
equal to its blade angle. 

Mean geometrical—The mean of the geometrical pitches of the several 
elements. Its symbol is p,. 

Standard—The geometrical pitch taken at two-thirds of the radius. 
Also called ‘nominal pitch.” Its symbol is 7p.. 
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Zero thrust—The distance which a propeller would have to advance 
in one revolution in order that there might be no thrust. Alse 
called ‘‘experimental mean pitch.” Its symbol is 7,. 

Zero torque—The distance which a propeller would have to advance 
one revolution in order that the torque might be zero. Its symbo: 
IS Da. 

Pitch ratio—The ratio of the pitch (geometrical, unless otherwise stated] 
to the diameter p/D. 

Pitch speed—The product of the mean geometrical pitch by the number 
of revolutions of the propeller in unit time, i.e., the speed the air: 
craft would make if there were no slip. 

Pitot tube—A cylindrical tube with an open end which is pointec 
upstream (7.e., so that the air meets the instrument head-on or is 
met head-on by the instrument). When the aircraft is flying less 
than about 200 miles per hour, the instrument measures the impact 
pressure. When used on aircraft, it is usually associated either with 
a closed coaxial tube surrounding it or with a closed tube placed 
near it and parallel to it, the combination being termed a Pitot 
static tube. The associated tube has perforations in its side so that 
it is subjected to static pressure, as distinct from impact pressure: 
The speed of the fluid can be determined from the difference betweer 
the impact pressure and the static pressure, as read by a suitable 
gage. In common terminology, the Pitot-static combination, as 
above, is often termed simply a Pitot tube or Pitot. 

Platform, observation—A platform or small deck fitted on the top of am 
airship and used as a post for a lookout and defense or as a place 
from which to make observations used in navigating the airship, 

Plywood—aA product formed by gluing together two or more layers of 
veneer. The alternate plies are usually placed with grain at right 
angles to the adjacent plies. 

Pontoon (now obsolete)—Scee Float. 

Pressure alarm—See Alarm, gas-cell. 

Pressure, dynamic—See Dynamic (or impact) pressure. 

Pressure, manometer (aerostat)—The excess of pressure inside the 
envelope of an aerostat over the atmospheric pressure at a standard 
reference point. The point of reference for the excess of pressure 
is usually the bottom of the envelope or gas cell for airships and 
the level of the basket for kite balloons. XN 
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Pressure-tube gland—See Gland, manometer-tube. 

Profile—See Airfoil section (or profile). 

Profile drag—See Drag. 

Proofing—Material incorporated in the fabric of an aerostat at the time 
of manufacture to increase its resistance to the weather and/or 
to prevent the passage of gas (or decrease its permeability). 

Propeller: : 

Adjustable pitch—A propeller whose blades are so attached to the 
hub that they may be set to any desired pitch when the propeller 
is stationary. 

Controllable pitch or variable pitch—A propeller whose blades are 
so mounted that they may be turned about their axis to any 
desired pitch while the propeller is in rotation. 

Propeller area, projected—The total area in the plane perpendicular 
to the propeller shaft swept by the propeller, excepting the portion 
covered by the boss and that swept by the root of the blade. This 
portion is usually taken as extending 0.2 of the maximum radius 
from the axis of the shaft. 

Propeller blade—See Blade face; blade back; blade-width ratio. 

Propeller-blade area—The area of the blade face, exclusive of the boss 
and the root, 7.e., of a portion which is usually taken as extending 
0.2 of the maximum radius from the axis of the shaft. 

Propeller boss—The central portion of a propeller in which the hub is 
formed or mounted. 

Propeller-camber ratio—The ratio of the maximum thickness of a pro- 
peller section to its chord. 

Propeller-disk area, total—The total area swept by a propeller, 7.e., 
the area of a circle having a diameter equal to the propeller 
diameter. 

Propeller efficiency—The ratio of thrust power to power input of a 
propeller. Its symbol is 7. 

Propeller hub—The metal fitting inserted or incorporated in or witha 
propeller for the purpose of mounting it on the propeller or engine 
shaft. 

Propeller interference—The amount by which the torque and thrust 
of a propeller are changed by the modification of the air flow in 
the slip stream produced by bodies placed near the propeller, 


such as engine, radiator, etc. 
A 
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Propeller-load curve—A curve representing the engine power necessary 
to drive any given propeller at various speeds. The power required 
varies approximately as the cube of the speed in r.p.m., provided 


the ratio Wp Temains constant. 


Propeller, pusher—A propeller mounted to the rear of the engine or 
propeller shaft. (It is usually behind the wing cell or nacelle.) 

Propeller rake—The mean angle which the line joining the centroids of 
the sections of a propeller blade makes with a plane perpendicular 
to the axis. 

Propeller root—That part of the propeller blade near the boss. 

Propeller section—A cross-section of a propeller blade made at any 
point by a plane parallel to the axis of rotation of the propeller 
and tangent at the centroid of the section to an are drawn with 
the axis of rotation as its center. 

Propeller thrust—The component parallel to the propeller axis of the 
total air force on the propeller. Its symbol is T. 

Propeller torque—The moment applied to the propeller by the engine 
shaft. Its symbol is Q. 

Propeller, tractor—A propeller mounted on the forward end of the engine 
or propeller shaft. (It is usually forward of the fuselage or wing 
nacelle.) 

Propeller-width ratio, total—The product of blade-width ratio at the 
point of maximum blade width by number of blades. 

Propulsive efficiency—The ratio of the product of effective thrust and 
flight speed to the actual power input to the propeller as mounted on 
the airplane, consistent units being used throughout. 

Purity (of gas)—The ratio of the pressure of the hydrogen (or other 
aerostatic gas) in the container to the total pressure due to all the 
contained gases. 

Pusher airplane—Sce airplane, pusher. 

Quadrant—The operating lever, made on the are of a circle, of a 
control surface of an airship, e.g., ruddder quadrant, elevator 
quadrant. 

Quadruplane—An airplane with four main supporting surfaces, placed 
one above another. 

Race rotation—The rotation, produced by the action of the propeller, 
of the stream of air passing through or influencedsby the propeller. 
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Rail, docking—A rail or guide, constructed on the landing field and 
extending into the shed, which supplies a means for holding the 
lateral pull of an airship’s docking or handling lines. The pull is 
transmitted to the rails from wheeled cars or trolleys which are 
fitted on or in the rails. Usually two rails are fitted at the greatest 
distance apart which will permit them to be run into the shed. 

Rake, propeller—See Propeller rake. 

Ram—The combination of tubes and springs which is mounted in 
gimbals at the top of a mooring mast. It consists of an outer tube 
which carries the gimbal mounting and within which slides an 
inner tube. The upper end of the inner tube carries the hollow 
cone which receives the airship’s mooring cone and which is fitted 
to revolve freely. The inner tube can slide down into the outer tube 
and compress heavy springs, thus easing the shock when the 
mooring is made. 

Range at economic speed—The maximum distance a given aircraft 
can cover while cruising at the most economical speed and altitude 
at all stages of the flight. 

Range at full speed—The maximum distance a given aircraft can cover 
at full speed at sea level. 

Rate of climb—The vertical component of the air speed of an aircraft, 
7.e., its vertical velocity with reference to the air. 

Recorder, flight—An instrument for recording certain elements of the 
performance of an aircraft. 

Resistance derivatives—(Quantities expressing the variation of the forces 
and moments on aircraft due to disturbance of steady motion. 
They form the experimental basis of the theory of stability, and 
from them the periods and damping factors of aircraft can be 
calculated. In the general case, there are 18 translatory and 18 
rotary derivatives. 

Lateral—Resistance derivatives expressing the variation of moments 
and forces due to small changes in the lateral, yawing, and rolling 
velocities. 

Longitudinal—Resistance derivatives expressing the eration of 
moments and forces due to small changes in the longitudinal, 
normal, and pitching velocities. 

Rotary—Resistance derivatives expressing the Ptintion of moments 
and forces due to small changes in the rotational velocities of the 
aircraft. 
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Translatory—Resistance derivatives expressing the variation of 
moments and forces due to small changes in the translational 
velocities of the aircraft. 

Restoring moment—See Righting moment. 

Revolutions, maximum—The number of revolutions per minute cor- 
responding to the maximum horsepower. 

Revolutions, rated—The number of revolutions corresponding to the 
rated horsepower. 


Reynolds Number—A name given the fraction po in which 


p is the density of the fluid, 

V is the relative velocity of the fluid; 

Lis the linear dimension of the body; 

wis the coefficient of viscosity of the fluid. 

Rigger—One who is employed in assembling and aligning aircraft. 

Rigging (aerostat)—The attachment and adjustment of the car, rudders, 
valves, controls, etc., of an airship. 

Rigging (airplane)—The assembling, adjusting, and aligning of the 
parts of an airplane. 

Righting moment (or restoring moment)—A moment which tends to 
restore an aircraft to its previous attitude after any small rotational 
displacement. 

Right side (engine)—That side which, to an observer looking from the 
antipropeller end toward the propeller end, lies on the right-hand 
side. 

Ring, concentration: 

Airship—A ring to which several rigging lines are led from the envelope 
and from which one or more lines also lead to the car. 

Free balloon—A ring to which are attached the ropes suspending the 
basket and to which the net is also secured. Sometimes called 
“load ring.” 

Ring, load—See Ring concentration (free balloon). 

Ring, mooring—A metallic ring suspended from one of the forward 
frames of a rigid airship by wire lines and used for mooring. The 
vertex of a “three-point mooring” is attached to this ring. 

Roll—A maneuver in which a complete revolution about the longitudina 


axis is made, the horizontal direction of flight being approximately 
maintained. 
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Rope, drag—A long rope which can be hung overboard from a balloon so 
as to act as a brake and a variable ballast in making a landing. 
Same as ‘‘trail rope” or “guide rope.” On airships a similar rope 
or ropes is used as a haul-down or mooring line by the landing crew. 
It is usually larger and longer than a regular handling line. Some- 
times called ‘grab line.” 

Rope, mooring—A line attached to a balloon or airship for use in securing 
it to the ground. It may serve the purpose of a ‘“‘handling line,” or 
vice versa. 

Rope, trail—See Rope, drag. 

Rudder—A movable auxiliary airfoi), the function of which is to impress 
a yawing moment on the aircraft in normal flight. It is usually 
located at the rear of an aircraft. 

Rudder (airship)—A hinged or pivoted surface, usually attached to a 
fin at the after end of an airship. When operated by the pilot, 
it produces a yawing moment and gives directional control in 
the plane at right angles to the axis about which it is hinged 
or pivoted. . 

Rudder bar—The foot bar by means of which the control cables leading 
to the rudder are operated. . 

Rudder torque—The twisting moment exerted by the rudder on the 
fuselage. The product of the rudder area by the distance from its 
center of area to the axis of the fuselage may be used as a relative 
measure of rudder torque. 

Sag—A distortion of an airship in which the longitudinal axis becomes 
concave upward so that both ends rise. 

Seaplane—Any airplane designed to rise from and alight on the water. 
This general term applies to both boat and float types, though the 
boat type is usually designated as a ‘‘flying boat.” 

Shaft, climbing—An access shaft fitted with a ladder and leading from 
the bottom to the top of an airship hull. This may be fitted in an 
airship of any type. 

Shaft, gas—A duct or shaft leading from the bottom of the gas cells to 
the outer cover of an airship. It affords a clear passage for the 
escape of gases which have accumulated in the gangway or corridor 
or which are discharged from the valves at the bottom of the cells. 
It usually consists of light wooden hoops or frames spaced at inter- 
vals on cords or wires and is covered by a netting. It prevents the 
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gas cells from closing hard against one another and thus keeps the 
passage open. Sometimes called “gas trunk,” “exhaust-gas shaft,” — 
ore vtrumnky? 

In view of the possibility of confusion with parts of an engine- 
exhaust system, it is believed that ‘‘gas shaft” or “trunk”’ is to be 
preferred. 

Sheathing—See Tipping (propeller). 

Shed—A shelter for housing airships. 

Ship—Slang for an airplane. In view of the confusion with 
it should not be used. 

Shipplane—A landplane designed to rise from and alight on the deck of a 
ship. 

Shock absorber—A device incorporated in the landing gear of an air- 
craft to reduce the shock imposed on the structure when alighting or 
taking off. 

Shock-absorbing devices are usually interposed between the main 
structure and the wheels, floats, skis, or tail skids, to secure resili- 
ency in landing and taxiing. 

Shore—A structural member for supporting the structure of a rigid or 
semirigid airship during building or docking, used in conjunction 
with (or without) a cradle. 

Side car—See Car, wing. 

Side slipping —Flight in which the lateral axis is inclined and the airplane 
has a component of velocity in the direction of the lower end of the 
lateral axis. When it occurs in connection with a turn, it is the 
opposite of skidding, q.v. 

Skid—A runner used as a member of the landing gear and designed to aid 
the aircraft in landing or taxiing. 

Tail skid—A skid used to support the tail when in contact with the 
ground. 

Wing skid—A skid placed near the wing tip and designed to protect 
the wing from contact with the ground. 

Skidding—Sliding sidewise away from the center of curvature when 
turning. It is usually caused by banking insufficiently, and is the 
opposite of side slipping, q.v. 

Skid fin—A fore-and-aft vertical surface, usually placed above the upper 
wing, designed to provide vertical keel surface ad so to increase 
lateral stability. 


“ee 


airship,” 
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Skin friction—The tangential component of the fluid force at a point on 
a surface. 

Sky writing—The act of emitting from an aircraft a trail of smoke or 
other visible substance, the flight of the aircraft being so directed as 
to cause the trail to assume the form of letters or symbols. 

Sleeve, conical—-A cone-shaped fabric, fitting in a bag or cell through 
which a line passes. It provides a gas-tight connection of the bag or 
cell to the line and yet permits both some degree of freedom to move. 

Sleeve, deflation—Generally a sleeve or appendix made of fabric pro- 
vided for the special purpose of facilitating the deflation of an aero- 
stat. Also applied to the sleeve or appendix fitted in the lower 
lobe of a kite balloon and used to permit the rapid escape of air in 
the lobes when the balloon is hauled down. 

Sleeve, filling—See Sleeve, inflation. 

Sleeve, inflation (or sleeve, filling)—A tubular fabric attachment to an 
envelope or gas bag, serving as a lead for the inflation tube. 

Slip—The difference between the mean geometrical pitch and the 
effective pitch. Slip may be expressed as a percentage of the mean 
geometrical pitch or as a linear dimension. 

Slip function—The ratio of speed of advance through the undisturbed 
air to the product of propeller diameter by the number of revolu- 


tions in unit time, 7.e., ws The slip function is the primary 


factor controlling propeller performance. It is 7 times the ratio of 
forward speed to the tip speed of the propeller. 

Slip stream—The stream of air driven astern by the propeller. (The 
indraft is sometimes included, also.) 

Snatch-block anchorage—See Anchorage, snatch block. 

Soar—To perform sustained free flight without self-propulsion; it is 
called “‘up-current soaring” if performed in ascending air; 
“dynamic soaring” in other cases. 

Sounding balloon—See Balloon, sownding. 

Sound-ranging altimeter—Sce Altimeter, sownd-ranging. 

Span (airfoil)—The lateral dimension of an airfoil, 7.e., its dimension 
perpendicular to its chord. Its symbol is b. 

Span (airplane)—The maximum distance measured parallel to the lateral 
axis from tip to tip of an airplane inclusive of ailerons. 

Spar—See Wing spar. 
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Speed, critical—The lowest speed of an aircraft at which control can be 
maintained. 

Speed, economic—The speed at which the fuel consumption, per unit of © 
distance covered in still air, is a minimum. 

Speed, ground—The horizontal component of the velocity of an aircraft 
relative to the earth. ; 

Speed, landing—The minimum speed at which an airplane can maintain 
itself in level flight and still be under adequate control. 

Speed, minimum—The lowest steady speed which can be maintained by 
an airplane in level flight at an altitude large in comparison with the 
dimensions of the wings, with any throttle setting whatever. 

Spin—A maneuver consisting of a combination of roll and yaw, with the 
longitudinal axis of the airplane inclined steeply downward. The 
airplane descends in a helix of large pitch and very small radius, 
the upper side of the airplane being on the inside of the helix, and 
the angle of attack on the inner wing being maintained at an 
extremely large value. 

Spindle, mooring—See Outrigger, mooring cone. 

Spinner—A fairing of approximately conical or paraboloidal form, which 
is fitted coaxially with the propeller boss and revolves with the 
propeller. 

Spiral—A maneuver in which an airplane descends in a helix of small 
pitch and large radius, the angle of attack being within the normal 
range of flight angles. 

Spiral instability—See Stability. 

Stability—That property of a body which causes it, when disturbed from 
a condition of equilibrium or steady motion, to develop forces or 
moments which tend to restore the body to its original condition. 

Automatic—Stability dependent upon movable control surfaces 
automatically operated by mechanical means. 

Inherent—Stability of an aircraft due solely to the disposition and 
arrangement of its fixed parts, z.e., that property which causes 
it, when disturbed, to return to its normal attitude of flight 
without the use of controls or the interposition of any mechanical 
devices. 

Statio—Stability of such a character that, if the airplane is displaced 
slightly from its normal attitude by rotation about an axis through 
its center of gravity (as may be done in wind-tunnel experiments), 
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moments come into play which tend to return the airplane toward 
its original attitude. 

Dynamic—Stability of such a character that, if the airplane is dis- 
placed from steady motion in flight, it tends to return to that steady 
state of motion, the oscillations due to restoring moments being 
damped out. 

In a general way, the difference between static stability and 
dynamic stability is that the former depends on restoring moments 
alone, while the latter includes the action of damping factors. 

Longitudinal—Stability with reference to disturbances in the plane of 
symmetry, 7.e., disturbances involving pitching and variation of the 
longitudinal and normal velocities. 

Directional—Stability with reference to rotations about the normal 
axis, 7.¢., an airplane possesses directional stability in its simplest 
form if a restoring moment comes into action when it is given a small 
angle of yaw. Owing to symmetry, directional stability is closely 
associated with lateral stability. 

Lateral—Stability with reference to disturbances involving rolling, 
yawing, or side slipping, 7.e., disturbances in which the position 
of the plane of symmetry of the aircraft is affected. 

Spiral instability—A type of instability inherent in certain airplanes 
which becomes evident when the airplane, as a result of a yaw, 
assumes too great a bank and side slips; the bank continues to 
increase and the radius of the turn to decrease. 

Stabilizer—A normally fixed airfoil whose function is to lessen the pitch- 
ing motion. It is usually located at the rear of an aircraft and is 
approximately parallel to the plane of the longitudinal and lateral 
axes. Also called ‘‘tail plane.” 

Stabilizer (aerostat)—Same as Fin. The lobes of a kite balloon are 
sometimes referred to as stabilizers. 

Stabilizer, mechanical—A mechanical device to prevent an aircraft from 
departing from a condition of steady motion, or, in case such a 
motion is disturbed, to restore it to its steady state. Includes gyro- 
scopic stabilizers, pendulum stabilizers, inertia stabilizers, etc. 

Stabilizer setting, angle of—See Angle of stabilizer setting. 

Stable oscillation—See Oscillation, stable. 

Stagger—The amount of advance of the leading edge of one wing of a 
biplane, triplane, or mutliplane over that of the other, expressed 
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either as a percentage of gap or in degrees of the angle whose tan- 
gent is the percentage just referred to. It is considered positive 
when the upper wing is forward and is measured from the leading 
edge of the upper wing along its chord to the point of intersection of 
this chord with a line drawn perpendicular to the chord of the upper 
wing at the leading edge of the lower wing, all lines being drawn in a 
plane parallel to the plane of symmetry. 

Stall—The condition of an airplane when from any cause it has lost the 
air speed necessary for support or control. 

Station, airship—The complete assembly of sheds, masts, gas plants, 
shops, landing fields, and related equipment required to operate 
airships and supply their needs. A station may include all or a part 
of the items enumerated. The base from which airships are 
operated. 

Statoscope—An instrument for detecting minute changes of altitude 
of an aircraft. The indications of the instrument usually depend 
on small changes of the static pressure of the air. 

Stay—A wire or other tension member; for example, the stays of the 
wing and body trussing. 

Step—aA break in the form of the bottom of a float or hull designed to 
reduce resistance when under way by rapidly reducing the wetted 
surfaces as speed increases. It also serves to eliminate suction 
effects. 

Stern-droop—aA deformation of an airship in which its longitudinal axis 
bends downward at the after end. 

Stern-heavy—The condition in which, in normal flight, the after end of 
an airship tends to sink and which requires correction by means of 
the horizontal controls. In this condition, an airship is said to 
“trim by the stern.” It may be due to either aerodynamic or 
static conditions, or to both. 

Stiffener, bow—A rigid member attached to the bow of a non-rigid 
or semirigid envelope to reinforce it against the pressure caused by 
the motion of the airship. Sometimes called “nose stiffener’’ or 
“nose batten.” 

Streamline—The path of a small portion of a fluid relative to a solid 
body with respect to which the fluid is moving. The term is 
commonly used only of such flows as are not eddying, but the 
distinction should be made clear by the context. 
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Streamline flow—Steady flow past a solid body, 7.e., a flow in which the 
direction at every point is independent of time. 

Streamline form—A solid body which produces approximately stream- 
line flow. _ 

Stresses, breathing—Stresses produced in an aerostat by breathing. 
Of importance in the envelope and keel of a semirigid airship 
due to the interaction of envelope and keel when the envelope 
“breathes.” 

Strip, drip—See Flap, drip. 

Structural drag—See Drag. 

Strut—A compression member of a truss frame. For instance, the 
vertical members of the wing truss of a biplane (interplane struts) 
and the short vertical and horizontal members separating the 
longerons, q.v., in the fuselage. 

Strut, drag—A fore-and-aft compression member of the internal bracing 
system of a wing. 

Supercharger—A mechanical device for supplying the engine with a 
greater weight of charge than would normally be induced at the 
prevailing atmospheric pressure and temperature. 

Centrifugal type—A supercharging device equipped with one or 
more rotating impellers generating centrifugal force which is 
utilized for the compression and the transmission of the air 
against resistance. 

Positive-driven type—A supercharger driven at a fixed-speed ratio 
from the engine shaft by gears or other positive means. 

Rotary-blower type—A supercharging device comprising one or more 
relatively slow-speed rotors revolving in a stationary case in such 
a way as to provide a positive displacement. 

Turbo type—A supercharger driven by a turbine operated by the 
exhaust gases from the engine. 

Superheat—The amount by which the temperature of the gas in the 
envelope or gas cells of an aerostat is higher then the temperature 
of the surrounding air. If the contained gas has a lower tempera- 
ture, the superheat is said to be negative. 

Surface, control—A movable airfoil designed to be rotated or otherwise 
moved by the pilot in order to change the attitude of the airplane 
or airship. 

Surface, fixed—See Fin. 
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Surface, main supporting—A set of wings, extending on the same general 
level from tip to tip of an airplane; ¢.g., a triplane has three main 
supporting surfaces. The main supporting surfaces include the . 
ailerons, but no other surfaces intended primarily for control or 
stabilizing purposes. 

Suspension, overhead—A line leading from the roof of an airship shed 
and arranged to sustain the whole or a part of the weight of the 
structure of an airship when it is docked. 

Suspension winch—The rigging by means of which the lift and drag 
of a kite balloon is transmitted from the envelope to the towing or 
traction cable. 

Sweep back—The acute angle between the lateral axis of an airplane 
and the projection of the axis of the wing on the plane which 
includes the lateral and longitudinal axes. (The axis of a wing is a 
line through the centroids of the section of the wing.) 

Tachometer—Instrument for measuring r.p.m’s. engine. 

Tail (airship) Sometimes used for stern. 

Tail boom—A spar or outrigger connecting the tail surfaces and main 
supporting surfaces. 

Tail-droop—See Stern-droop. 

Tail group (or tail unit)—The stabilizing and control surfaces at the rear 
end of an aircraft, including stabilizer, fin, rudder, and elevator. 
Also called “‘empennage.”’ 

Tail-heavy—In a heavier-than-air craft, the condition in which in 
normal flight, the tail sinks if the longitudinal control is released, 
i.e., the condition in which the pilot has to exert a push on the 
control stick to keep the given attitude. 

Tail-heavy (airship)—See Stern-heavy. 

Tail plane—See Stabilizer. 

Tail skid—See Skid. 

Tail slide—The backward and downward motion, tail first, which cer- 
tain airplanes may be made to take momentarily after having been 
brought into a stalling position by a steep climb. 

Tank, fixed fuel—A fuel tank which is not intended or fitted to be 
dropped, as “‘slip” tanks are. 

Tank, service—A fixed fuel tank near each power unit, into which fuel 
from other tanks is pumped and from which the fuel supplying the 
engines is drawn. : 
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Tank, slip fuel—A fuel tank which is provided with a device permitting 
the quick dropping of the tank and contents as a whole in case of 
an emergency. Fitted on both airships and airplanes. 

Taxi—To run an airplane over the ground, or a seaplane on the surface 
of water, under its own power. 

Testing, performance—The process of determining performance charac- 
teristics. 

Thermograph—An instrument for recording temperature. 

Thimbie—A grooved ring of circular-, pear-, or heart-shaped form, 
generally of metal, which is inserted in the eye of a rope or wire to 
prevent chafing or deformation of the eye. 

Thrust, effective—The net driving force delivered by a propeller when 
mounted on an airplane, 7.e., the actual thrust given by the pro- 
peller, as mounted on the airplane, minus any increase of resistance 
of the airplane produced by the action of the propeller. 

Thrust face—See Blade face. 

Thrust, static—The thrust gy cue by a propeller when rotating at a 
fixed point. 

Tipping (propeller)—A sheet-metal (or equivalent) protective covering 
of the blade of a propeller near the tip, extended a short distance 
along the trailing edge and a considerable distance along the 
leading edge. 

Toggle—A short cross-bar of wood or metal which is fitted at the end of 
a rope. The rope passes around the midlength of the bar in a 
shouldered groove. By slipping it through an eye in the end of 
another rope, the two lengths of rope can be quickly connected or 
disconnected. 

Topping up—The operation of filling up with gas an already partially 
full aerostat. Also applied to a similar operation with fuel tanks. 
Incorrectly called ‘‘nursing.”’ 

Tower, mooring—See Mast, mooring. 

Tractor airplane—See A7rplane, tractor. 

Trailing edge—The rearmost edge of an airfoil or propeller blade. 

Trail rope—See Rope, drag. 

Trajectory band—See Band, trajectory. 

Transverse, intermediate—An open, unbraced transverse frame of a 
rigid airship which lies between two main or braced transverse 
frames! 
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Transverse, main—A main transverse strengthening frame of a rigid 
airship provided with wire or girder bracing and spaced at regular 
intervals throughout the length of the airship. 

Trapeze bar—See Bar, suspension. 

Trim—The attitude of an aerostat relative to a fore-and-aft horizontal 
plane. If the forward end is down, the aerostat is said to have 
“trim by the bow;” if the after end, it has ‘‘trim by the stern.” 

Trim, to—To alter the attitude of an aerostat relative to a fore-and-aft 
horizontal plane. If the endeavor is to force the bow down, the 
aircraft is “trimmed by the bow;’ if the stern, it is “‘trimmed by 
the stern.” If the aircraft shows a tendency to sink by the bow 
end, it is said to “trim by the bow” or to be “‘bow-heavy;” if the 
tendency is to sink by the stern, it is said to “trim by the stern’’ or 
to be ‘‘stern-heavy.”’ 

Trim, dynamic—Trim (or trimming) due to dynamic conditions or their 
change. 

Trim, static—Trim (or trimming) due to static conditions or their 
change. ; 

Triplane—An airplane with three main supporting surfaces, placed one 
above another. 

Trolley, docking—A car or trolley fitted on (or in) docking rails to 
transmit the pull of an airship docking line. It is fitted with 
wheels having antifriction bearings so it can move freely in the 
rail. Usually some sort of quick-release device for letting go the 
line is also fitted. 

Tube, inflation—A fabric tube leading from the inflation manifold or 
source of supply to the inflation sleeve of the gas cell or envelope. 

Tube, nursing—See Tube, supply. 

Tube, pressure—A tube fitted to an envelope or gas bag, to which a 
pressure gage may be attached. 

Tube, supply—An elongated appendix or inflation sleeve, fitted on a 
kite balloon, which is brought down to the basket and fitted with 
a quick-connection coupling. This coupling can be attached to 
a similar piece on the deck of the airship and gas may be sent into 
the balloon shortly after it has reached the deck. A similar tube 
is sometimes used with airships where constant-pressure nurse 
balloons are used. This is rare in the United States. Also called 
“nursing tube.” 
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Turn indicator—See Indicator, turn. 

Turn, reverse—A rapid maneuver to reverse the direction of flight of an 
airplane, made by a half loop and half roll. 

Valve, automatic—A spring-loaded relief valve fitted to the envelope, 
ballonet, or gas cell of an aerostat and set to open at a predeter- 
mined pressure for the purpose of preventing excessive internal 
pressure. 

Also applied to a type of valve used on some aerostats which 
opens at a predetermined contained volume or hull dimension. 

Vaive cover—See Hood, valve. 

Valve, maneuvering—A manually operated valve fitted to the envelope, 
ballonet, or gas cell of an aerostat for the purpose of releasing gas 
or air from within the envelope or gas cell when desired. 

Valve petticoat—A special sleeve between valve and gas container, 
making it possible to tie off the sleeve and change valves without 
loss of gas. 

Valve seal—A fabric cover used to seal the automatic valves of a rigid 
airship when docked in the shed. ‘Jam-pot cover’ (British). 

Veneer—Thin sheets of wood, either sliced with a knife or sawed. 

Vent, pressure-relief—A small opening in the covering of the fin of an 
airship intended to facilitate the equalization of the pressure of 
the air within the fin with that of the outside air. It also provides 
an outlet for any gas that may collect in the fin. 

Venturi, power—A Venturi tube used to operate gyroscopic turn indi- 
cators and other instruments. 

Venturi, speed-indicating—A Venturi tube may be combined with a 
Pitot tube or with a tube giving static pressure to form a pressure 
nozzle which may be used to determine the indicated speed of an 
aircraft through the air. The pressure difference is measured by a 
suitable gage. 

Venturi tube—A short tube with flaring ends and a narrow or constricted 
section between them, into which a side tube opens. When fluid 
flows through the Venturi, there is a reduction of pressure in the 
constricted section, the amount of the reduction being a function of 
the velocity of flow. 

Vertimeter—A device for indicating the rate of rise and fall of an aero- 
stat, usually a special form of statoscope. A rate-of-climb meter 
serves the same purpose, although of a different form. 
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Volume—The volume of the air displaced by the gas used for inflation. 

Volume, aerodynamic (airship)—The volume of the form which must 
be driven through the air. Same as “air volume.” 

Volume, air (airship)—The volume of air displaced by the body formed 
by the outer cover or envelope of an airship. It is this volume 
which enters into aerodynamic computations. See Volume, aero- 
dynamic (airship). 

Volume, gas (airship)—-The volume of the contained gas. See Capacity. 

V-wires—The lower lines of the winch suspension of the kite balloon. 

_ They meet at the junction piece and form V’s; hence the name. 

Warp—To change the form of a wing by twisting it. Warping is some- 
times used to maintain the lateral equilibrium of an airplane. 

Wash—The disturbance in the air produced by the passage of an 
airfoil. Also called the “‘wake” in the general case for any solid 
body. 

Washin—Permanent warping of the wing which results in an increase 
in the angle of attack near the tip. 

Washout—Permanent warping of a wing which results in a decrease in 
the angle of attack near the tip. 

Weight, dischargeable (consumable weight) (airship)—AII weight 
which can be consumed or discharged and still leave the airship in 
safe operating condition with a specified reserve of fuel, oil, water 
ballast, and provisions, and her normal crew. 

Weight, disposable (airship)—All weight other than fixed weights, 
including dischargeable weights contrasted with fixed weights, g. v. 

Weight, empty—The structure, power plant, and fixed equipment of — 
an aircraft. Included in this fixed equipment are the water in 
the radiator and cooling system, all essential instruments and 
furnishings, fixed electric wiring for lighting, heating, ete. In 
the case of the aerostat, the amount of ballast which must be 
carried to assist in making a safe landing’ must also be included. 

Weight, fixed (airship)—The weight of the hull machinery and all 
equipment and parts which are fixed in position and non-consum- 
able. All constant and non-consumable weights which an airship 
would carry under all conditions of service (British). Liquids in 
cooling systems of engines are included. 

Weight, fixed power-plant, for a given airplane—The weight of an 
engine, including ignition, carbureter, and induction systems 
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complete, propeller and hub, exhaust manifolds, radiator, and water, 
if used, with all interconnecting wires, controls, tanks, and pipes, 
lubricating-oil temperature regulators, the oil contained in the engine 
crankcase, and the starting gear attached to the engine, but exclud- 
ing fuel, oil, and engine instruments. 

Weight per horsepower—The dry weight of an engine divided by the 
rated horsepower. 

Windmill—An air-driven screw used to drive auxiliary apparatus on an 
aircraft. 

Window, inspection—A small transparent window fitted in the envelope 
of a balloon or airship, or in the wing of an airplane, to allow 
inspection of the interior. 

Wind, relative—The motion of the air with reference to a body, 7.e., 
its motions as observed by a man at rest on the body. The direc- 
tion and velocity of the relative wind, therefore, are found by add- 
ing two vectors, one being the velocity of the air with reference to 
the earth, the other being equal and opposite to the velocity of 
the body with reference to the earth. 

Wind tunnel—An elongated chamber, usually a tube divergent at the 
ends, through which a steady air stream may be drawn or forced. 
Models of airfoils, of aircraft, or of propellers may be placed in the 
middle portion of the tunnel, called the experiment chamber or 
working section, and supported by suitable balances placed outside 
the air stream, so that the forces, moments, etc., due to the moving 
air may be measured. 

Wing—A general term applied to a whole or a portion of the main sup- 
porting surfaces of an airplane, but in the latter case is usually 
qualified as right wing, left wing, upper wing, or lower wing, etc. 

Wing car—See Car, wing. 

Wing drag—See Drag. 

Wing-heavy—The condition of an airplane in which (in normal flight) 
there is a tendency for the right (or left) wing to drop, if the 
lateral control is released, 7.e., the condition in which the pilot 
has to exert a lateral force on the control stick to keep the lateral 
axis horizontal. 

Wing rib—A fore-and-aft member of the wing structure of an airplane, 
used to give the wing section its form and to transmit the load from 
the fabric to the spars. 
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Rib compression—A heavy rib designed to have the function of a 
wing rib and also to act as a strut opposing the pull of the wires in 
the internal drag-truss. Also called ‘drag strut.” 

Rib, former or false—An incomplete rib, frequently consisting only of 
a strip of wood extending from the leading edge to the front spar, 
which is used to assist in maintaining the form of the wing where 
the curvature of the airfoil section is sharpest. 

Wing skid—See Skid. 

Wing spar—The principal transverse structural member of the wing 
assembly of an airplane. 

Wing truss—The framing by which the wing loads of an airplane are 
transmitted to the fuselage. It comprises struts, wires, cables, 
tie rods, and spars. 

Wire—In aeronautics, refers specifically to drawn solid wire. 

Wire (airship) : 

Antiflutter—A wire in the plane of the outer cover for locally rein- 
forcing the outer cover in that part of the airship and reducing 
fluttering in flight due to air pressure or propeller wash. Also 
called “outer-cover support wire.” 

Chord—A wire joining the vertices of the polygonal frame of the 
main transverse frame. 

Diametral—A chord wire which passes through or near the center of 
the main transverse frame. It is usually attached to the axial 
fitting. 

Fairing—A wire provided as a point of attachment for the outer cover 
to maintain the contour lines of the envelope of an airship. 

Main shear—A diagonal wire taking up mean shear loads in the 
structure of a rigid airship. 

Netting— Diagonal and/or circumferential wire netting fitted between 
the longitudinals over the entire hull of a rigid airship, to transmit 
the lift of the gas cells to the structure. Sometimes called “gas- 
pressure wires.” 

Radial—A wire which extends from an axial fitting at the center of 
the transverse frame of a rigid airship to a joint of the frame. 

Secondary shear—Additional reinforcing shear wire. 

Wire, antidrag—A wire designed primarily to resist forces acting parallel 
to the chord of the wing of an airplane and in the same direction 
as the direction of flight. It is generally inclosed in the wing. 
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Wire, drag—Any wire or cable designed primarily to resist drag forces. 
Internal—A drag wire concealed inside the wing. 
External—A drag wire run from a wing to the fuselage or other part 
of the airplane. 

Wire, landing—A wire designed primarily to resist forces in the opposite 
direction to the normal direction of the lift and to oppose the lift 
wire and prevent distortion of the structure by an over-tightening 
of those members. Sometimes called “‘antilift”’ wire. 

Wire, lift—A wire or cable which transmits the lift on the outer portion 
of the wing of an airplane in toward the fuselage or nacelle. This 
wire usually runs from the top of an interplane strut to the bottom 
of the strut next nearer the fuselage. Sometimes called ‘flying 
wire.” 

Wire, stagger—A wire connecting the upper and lower surfaces of an 
airplane and lying in a plane substantially parallel to the plane of 
symmetry. Also called ‘incidence wire.” 

Wood, laminated—A product formed by gluing or otherwise fastening 
together a number of laminations of wood with the grain substan- 
tially parallel. (Differs from plywood in that in the latter the 
grain of alternate plies is usually crossed at right angles; also, the 
plies of the latter are usually made up of veneer.) 

Yawmeter—An instrument for measuring the angle of yaw. 

Zero-lift line—A line through the trailing edge of an airfoil section paral- 
lel to the direction of the wind when the lift is zero. 

Zoom—To climb for a short time at an angle greater than that which 
can be maintained in steady flight, the airplane being carried 
upward at the expense of its kinetic energy. This term is some- 
times used as a noun, to denote any sudden increase in the 
upward slope of the flight path. 
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By THE NaTionaL ADVISORY COMMITTEE FOR AERONAUTICS 


AERONAUTICAL SYMBOLS 


al FUNDAMENTAL AND DERIVED UNITS 


Metric English 
Symbol 
Unit Symbol Unit Symbol 

Length 1 meter m. foot (or mule). ....... ft. (or mi.) 
DUM Cee, dara as iw at Second +. See sec. second (or hour)... .-.| sec. (or hr.) 
orced ee cies F weight of 1 kilogram. kg weight of 1 pound....| lb. 

BOWEPI. sess in UIA catey (o)st Oey ne 8 eet | es, ee horsepower... . .| hp. 

ated kes DR areata sas aes es Wie /Brs osc, m.p. kh. 

Lee ula os Wi /S66 sects ai la | es ethene DEY BGG ee tac 4 hie eA: 


2. GENERAL SYMBOLS, ETC. 


mk?, moment of inertia (indicate 


W, weight = mg. 
g, standard acceleration of gravity 
= 9.80665 m./sec.” = 32.1740 
ft. /sec.” 


W 
Teas 


p, density (mass per unit volume). 

Standard density of dry air, 0.12497 
(kg.-m.-* sec.”) at 15° C. and 760 
millimeters = 0.002378  (lb.-ft.~4 
sec.”). 

Specific weight of “standard” air, 
1,2255 kg./m.3 = 0.07651 Ib. /ft.3 


axis of the radius of 


gyration k 


by proper subscript). 


area. 
Wing area, etc. 
gap. 

span. 

chord length. 
aspect ratio. 


distance from C. G. to elevator 


hinge. 


coefficient of viscosity. 


We 
q 
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3. AERODYNAMICAL SYMBOLS 


true air speed. 
dynamic (or impact) pressure = 
bepV?. 
lift, absolute coefficient Cr, = 
L 
gS 
drag, absolute coefficient Cp = 
D 
aS 
cross-wind force, absolute coeffi- 
: ¢ 
cient Ce = os 
resultant force. (Note that 
these coefficients are twice as 
large as the old coefficients 
Le, De.) 
angle of setting of wings (rela- 
tive to thrust line). 
angle of stabilizer setting with 
reference to thrust line. 
dihedral angle. 


Vl 
(Do) 
ML 


B, 


ms 


Reynolds Number, where 1 is a 


linear dimension; e.g., for a 
model airfoil 3-inch chord, 
100 miles per hour normal 
pressure, 0° C.: 255,000 and 
at 15° C., 230,000; or for a 
model of 10-centimeter chord 
40 meters per second, cor- 
responding numbers are 299,- 
000 and 270,000. 

center of pressure coefficient 
(ratio of distance C. P. from 
leading edge to chord length). 


angle of stabilizer setting with 
reference to lower wing = 
(git) = 

angle of attack. 

angle of downwash. 


¥rq. 1.—Positive directions of axes and angles (focus and moments) are shown 


by arrows. 


yp 
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Axis Moment about axis Angle Velocities 
Force Panties Linear 
Desi ti Sym-} (parallel | Designa-| Sym- Pe) | Designa-| Sym-| (compo- | Angu- 
eon bol | to axis) tion bol eae tion bol | nent along) lar 
symbol axis) 


Longitudinal | X x rolling. .| ZL Yo=Z | roll 2a.) u D 
Lateral...... 14 A pitching} M_ | Z—X | pitch...| © v q 
Normal..... Z Z yawing N Ke van, © Sle oe w r 
Absolute coefficients of moment Angle of set of control surface 
1G M N (relative to neutral position), 6. 
Ci = gbS Cis gcS CxS gfS (Indicate surface by proper sub- 
script.) 
4. PROPELLER SYMBOLS 
D, diameter. Q, torque. 
Pe effective pitch. P, power. (If ‘‘coefficients” are 
Po, mean geometric pitch. introduced, all units used 
Ps, standard pitch. must be consistent.) 
Pv, zero thrust. n, efficiency = TV /P. 
Pa, Zero torque. n, revolutions per second, r-p.s. 
p/D, pitch ratio. N, revolutions per minute, r.p.m. 
V’, inflow velocity. ®, effective helix angle = tan-! 
V,, slip stream velocity. ae : 
T, thrust. 2arn 


5. NUMERICAL RELATIONS 
1 hp. = 76.04 kg./m./see. = 550 1lb. = 0.4535924277 ke. 


lb. /ft./sec. 1 kg. = 2.2046224 lb. 
1 kg./m./sec. = 0.01315 hp. 1 mi. = 1609.35 m. = 5280 ft. 
1 mi./hr. = 0.44704 m. /see. lm. = 3.2808333 ft. 


1 m./sec. = 2.23693 mi. /hr. 


INDEX 


A Airplanes, Eaglerock, 18 
Fairchild, 71, 18 
Accessories for engines and planes, Fokker tri-motor, 19 
317 Ford tri-motor, 20 
Aerodynamic symbols, 681 Gipsy-Moth, 25 
Aileron control, Waco, 62 Treland flying boat, 21 
Ailerons, 52 Keystone pathfinder, 22 
Air commerce regulations, 589 Keystone-Loening amphibian, 24 
cooled engines, 82 Lockheed Wasp-Vega, 23 
four-in-line, 247 Simplex, Red Arrow, 26 
distance recorder, 387 Stearman coach, 26 
stream on tail surfaces, 48 Stinson monoplane, 27 
traffic rules, 623 -. Travel-Air monoplane, 28 
transport mileage, 32, 33 Waco-10, 28 
Aircraft inspection, 607 Airport, construction of, 544 
instruments, 372 definitions of, 544 
lighting, 317 equipment, 546 
marking, 600 markings, 547 
operation, 608 Airports, site of, 545 
Airflow around struts, 49 Airship or dirigible, 534 
around wings, 2 characteristics, 541 
Airfoils, 2 names of parts, 541-543 
Airplane cabin interiors, 29-30 non-rigid, 542 
construction, 397 rigid, 543 
engines, 67-279 semi-rigid, 542 
part, name of, 14 Air-speed indicator, 379 
stick control, 502 Alclad, 431 
theory, 1 Altimeter, 378 
wheel control, 503 Attitude, effect on engines, 68 
Airplanes, types of, 10 Aluminum alloys, 4380 
Aeromarine-Klemm, 16 castings, 436, 473 
Bellanca, 16 properties of, 434 
Boeing, 17 tubing, 435 - 
Curtiss Robin, 17 stream lined, 437 
r 683 
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A-N standards, 493 

Angle of incidence, 1 
measuring, 45 

Approved certificates, 600 

Ascoloy, 489 

Atha’s 2600 alloy, 489 

Autogiro, Cierva, 13 


B 


Balancing propellers, 308 
Ball hex bolts and nuts, 530 
Ballonet, 537 
Balsa wood, 478 
Bank and pitch indicator, 386 
turn indicator, 385 
Beacons for airports, 555 
Biplanes, 11 ; 
Blimp, why so called, 537 
Bliss Jupiter engine, 196 
Boeing construction, 402 ° 
Bolts, ball head, 530 
plain hex, 527 
for propeller clamp ring, 495 
Brakes and wheels, 361 
Brasses, characteristics of, 440 


Cc 


Cable eyes, 514 
Cables, stranded wire, 38 
Cantilever wings, 11 
Carbureters, 285, 321 
Cadalyte rust proofing, 485 
Calite, 490 
Castings, aluminum alloys, 473, 436 
design values, 461 
Castle nuts, 532 
Certificates of approval, 600 
Challenger engine, 82 
operation and maintenance, 88 
Characteristics of airships, 541 
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Checking alignment of plane, 46 
Chieftain engine, firing order, 93 
Chord, 2 
Chromel, 490 
Cierva autogiro, 13 
Cirrus, Mark III, engine, 247 
Clamp ring for propeller hub, 495 
Clearances for engines, Challenger, 
85 
Le Blond-60, 216 
Warner Scarab, 245 
Wasp, 127 
Climbing ratios for clearing obstruc- 
tions, 568 
Commercial airplanes, 15 
Compass compensator, 383 
earth inductor, 388 
magnetic, 380 
sun, 394 
Construction of airplanes, 397 
Contents of tubes and cylinders, 445 
Control surfaces, 51 
Coolant for engine radiators, 69 
Cord, galvanized, 453 
Cost of engines, 79 
Cowling for Cirrus Mark III engine, 
250 
N-A:GsAS 10" 81 
Wasp engines, 114 
Whirlwind, 136, 159 
Curtiss O-X engines, 253 
Curtiss-Reed propeller, 304 
Cylinders and tubes, contents of, 445 


D 


Decimal parts of inch, 450 
Delhi rustless iron, 490 
Design values of materials, 454 
Dihedral angle, 5 

measuring, 44 
Dirigible airship, 534: 


INDEX 


Drift and anti-drift wires, 40 
indicator, 391 


E 


Electric wiring for planes, 396 

Engine clearances, Challenger, 85 

LeBlond-60, 216 

Warner Scarab, 245 

Wasp, 127 

cowling, 81 

Curtiss Challenger, 82 

effect of altitude on, 68 

inspection, 293 

reduction gears, 349 

speeds, 67 

starter mounting, 499 

starters, 352 

troubles, 166, 264-270. 

and tachometer shaft connectors, 
501 


Engines for airplanes, 67-279 


cost of, 79 
Curtiss O-X, 253 
firing order of, 70 
rotation of, 22 
trouble shooting for, 280 
types of, 76 
Cirrus, Mark III, 247 
Curtiss O-X, 253 
Gipsy, 252 
Hispano, 270 
Hornet, 131 
Jupiter, 196 
LeBlond-60, 205 
Velie M-5, 217 
Warner Scarab, 224 
Wasp, 103 
Whirlwind, 132-148 
weight per hp., 67 


Eureka strut sections, 406 
Eye bolts, 510 


Fahralloy, 491 

Fairchild wing and rudder, 404 

Ferrules and loops, 524 

Firing order of engines, 70 
Challenger engine, 82 
Chieftain engine, 93 
Hispano engine, 273 
single row radial engines, 75 

Flare for landing, 319 

Floats and hulks, repairing, 63 
or pontoons, 366 

Flying wires, 61 

Fokker wing beams, 412 

Folding wings, 414 

Ford plane construction, 400 

Forks, 521 


Four-cylinder in live engines, 


Fuel flow gage, 378 
meter, 378 

pump, hand, 321 

mounting, 500 


G 


Gages, fuel-flow, 378 

fuel-level, 376 

pressure, 376 

for wire and plate, 449 
Generator mounting, 499 
Generators for airplanes, 356 
Gipsy four-in-line engine, 252 
Glues and glued joints, 481 


H 
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247 


Etching propeller blades, 311-316 
Ethylene glycol as a coolant in 
radiators, 69 


Handling airplanes, 55 
Heat resistant alloys, 488 
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High-wing airplanes, 10 
Hispano engine, 270 


Hornet and Wasp engines, 103-131 


Hubs of propellers, 310-314, 494 
splined, 498 
Hybnickel, 491 


Ignition, 286 
Incidence, angle of, 1 
Inclinometer, 387 
Indicator, air-speed, 379 
bank and pitch, 386 
turn, 385 
rate of climb, 386 
speed and drift, 391 
Indirect lighting, 395 
Inspecting carbureters, 330 
propellers by etching, 311-316 
Inspection of aircraft, 607 
of engine, 293 
Challenger, 90 
Warner Scarab, 229 
Wasp and Hornet, 118 
Whirlwind, 169-182 
Curtiss O-X, 261 
Installing carbureters, 328 
engines, Hispano, 278 
Wasps, 111 
Whirlwind, 157 
magneto on engine, 341 
Instrument boards, 374 
Instruments, aircraft, 372 
required, 599 
International fuselage, 411 


J 


Junker construction, 416 
Jupiter engine, 196 


L 


Landing flare, 319 
gear brakes and wheels, 361 
shock absorbers, 357 
tires, 364 
lights, 318 
strut, Waco, 64 
and take off lengths, 574 
strips, effective, 575 
wires, 39-61 
LeBlond-60 engine, 205 
Lewis supercharger, 69 
Licensing aircraft, 589 
of mechanics, 621 
of pilots, 613 
Lift of wings, 2 
Lift-drift ratio, 4 
Lighting aircraft, 317 
of instruments, indirect, 395 
system for airport, 555 
Lights, instrument board, 395 
landing, 318 
navigation, 317 
Load factors, pounds per hp., 593 
Lockheed fuselage mold, 410 
Loops and ferrules, 524 
wire, good and bad, 37 
Los Angeles at Lakehurst, 536 
Low-wing airplanes, 10 


M 


Magnesium and its alloys, 438 
Magnetos, 288 
Scintilla, 333 
Marking of aircraft, 600-610 
for airports, 547 
Martin wing beam, 405 
Materials of construction, alclod, 
430, 431 
aluminum alloys, 429, 430 
design values, 454 


INDEX 


Mechanics license, 621 

Metal construction, 400 

floats and hulls, repairing, 63 
Mid-wing airplanes, 10 

Mileage of air transport, 32, 33 
Monocoeque construction, Lock- 
heed, 410 

Monoplanes, 10 

Moss supercharger, 69 


N 


Names used in aeronautics, 630 
National-Shelby tube, 448 
Navigation light, 317 
Nichrome, 489 
Nomenclature for aeronautics, 630 
Non-ferrous bars, design values, 460 
sheets, design values, 458 
tubing, design values, 459 
Nuts, castle, 532 

plain hex, 529 


O 


Octant, 393 
Oleo lending strut, Waco, 64 
Operating costs of engines, 80 
Operation of aircraft, 608 
Overhauling carbureters, 330 
engines, Challenger, 94 
Curtiss Ox, 261 
Velie, 221 
Warner Scarab, 230 
Wasp and Hornet, 120 


P. 


Parachutes, 369 

Parasol wings, 10 

Parts of airplanes, 14 

Patches and rivet dimensions, 66 
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Pilots license, 613 
Pin eyes, 518-520 
Pitch and bank indicator, 386 
of propellers, 307 
Pitot-static tube, 380 
Plywood construction, 473, 478 
wings and beams, 412, 414 
Pontoons, or floats, 366 
Pressure gages, 376 
Propeller, bolts for, 495 
clamp ring for, 495 
hubs, 310-314 
and shaft ends, 494 
symbols, 682 
Propellers, 538-8038 
balancing, 308 
inspecting by etching, 311-316 
pitch of, 307 
types of, Curtiss-Reed, 304 
Micarto, 311 
Standard Steel, 306 
Pulleys, non-metallic, 505 
Pump, fuel, hand, 321 


Q 
Q-alloys, 491 
R 


Radio for aircraft, 399 

Rate of climb indicator, 387 
Reduction gears, 349 

Regulation for air commerce, 589 
Repairing metal floats and hulls, 63 
Rezistal, 491 

Rigging and servicing the plane, 34 
Rigid terminals, 508 

Riveted duralumin joints, 474 
Rivets for patching metal floats, 66 
Rotation of engines, 72 

Rules for air traffic, 623 

Rust proofing, 484 
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Ss 8. A. E. standards, thimbles, steel, 
525 
S. A. E. standards, 493 threads, 496 
airplane stick control, 502 turnbuckles, 512 
wheel control, 503 washers, bevel, 533 
AN (Army-Navy) standards, 493 flat, 526 
ball hex bolts and nuts, 530 wheel control, 503 
bolts, ball head, 530 wire loops and ferrules, 524 
plain hex, 527 Safe loading ratio, 568 
for propeller clamp, 495 Searab engine, 224 
cable eyes, 514 Scarf joints in plywood, 476 
castle nuts, 532 Scintilla magneto, 333 
clamp ring for propeller hub, 495 Screw holding in wood, 477 
engine starter mounting, 499 Seaplane ports, 567 
tachometer connection, 501 Servicing the plane, 34 
eye bolts, 510 Sesqui-wing airplane, 10-13 
ferrules and loops, 524 Sextant or octant, 393 
forks, 521 Shackles, 506-507 
fuel pump mounting, 500 Shaft ends and propeller hubs, 494 
generator pump mounting, 499 taper for propeller hubs, 496 
hubs, propeller, 494 Shafts, splined, 497 
splined, 498 Shelby tubing, 447 
loops and ferrules, 524 Shock absorbers, 357 
nuts, castle, 532 Silchrome, 492 
plain hex, 529 Silver solders, 483 
pin eyes, 518 Site of airports, 545 
propeller, bolts for, 495 Solders, silver, 483 
clamp ring, 495 soft, 481 
limb and shaft, 494 Slotted wings, 5 
pulleys, non-metallic, 505 Special shapes for airplane con- 
rigid terminals, 508 struction, 463 
shackles, 506 Speed and drift indicator, 391 
shaft ends, 494 Splicing cables, 36 
taper for, 496 Spliced hubs, 498 
shafts, splined, 497 shafts, 497 
splined hubs, 498 Stability of airplanes, 48 
shafts, 497 Stagger of wings, 14 
stick control, 502 measuring, 45 
storage battery, 503 Stainless steel, 486 
tachometer drive, 500 Standards 8. A. E., 493 
shaft connection, 501 Starters for engines, 352 


taper shafts, propeller, 496 Stearman biplane, rigging, 57 


INDEX 


Steel bar, design value, 457 
sheet, 455 
thimbles, 525 
tubing, 442 
design value, 456 
Stick control, 502 
Storage batteries, 503 
Stranded aircraft wire, 452 
wire cables, 38 
Stream lined tubing, 487 
Stresses in wing wiring, 39 
Struts, care of, 41 
interplane, 43 
Sun compass, 394 
Superchargers, 347 
Sweep-back of wings, 14 
Lewis and Moss, 69 
Symbols used in aeronautics, 680 


ay 


Tachometer, 374 
drive, 500, 501 
shaft connections, 501 
Tail set-up, Waco, 62 
skid shoe, 526 
wheel mount, 357 
Taper shafts, propeller, 496 
Tension of wires, 38 
Terms used in aeronautics, 630 
Theory of airplanes, 1 
Thermometers, 375 
Thimbles, steel, 525 
Threads, general information, 496 
Timing engines, Challenger, 101 
Hispano, 273 
O-X, 257 
Warner Scarab, 242 
Wasp, 119 
Whirlwind, 134, 190 
magnetos, 338, 341 


Tinned aircraft wire, 453 
Tires, 364 
Trouble shooting for engines, 280 


Tubes and cylinders, contents of, 


445 
Tubing, aluminum alloy, 435, 437 
steel, 442 
Turn and bank indicator, 385 
Turn buckles, 35, 512 
Types of airplanes, 10 
of engines, 76 


U 


Udylite rust proofing, 484 
Under-carriage, 54-58 


Vv 


Velie M-S engine, 217 
Venturi tube, 386 
Vought wing covering, 413 


W 


Wabble pump, 321 
Waco-10 biplane, rigging, 58 
Waco Oleo loading strut, 64 
Warner Scarab engine, 224 
Wasp and Hornet engines, 103 
Washers, 526, 533 
Welding, 417 
flame characteristics, 422 
methods, 423 
Welds, sample, 423 
Wheel control, 503 
Wheels and brakes, 361 
Whirlwind engines, J-5, 148 
J-6, 132 
Wiley landing flare, 319 
Wind cones, 549 
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Wing beam of metal, Martin, 405 Wiring diagrams, Curtiss O-x, 259 


rigging, Waco, 59 Hispano, 275 
span, 472 Wasp, 109 
wiring, stresses in, 39 Whirlwind, 154 
Wire loops and ferrules, 524 for plane lights, 318 
good and bad, 37 for planes, 396, 399 
strand, 452 - Wood under stress, 41 
Wires, landing, 39, 61 Woods, design values of, 462 


tension of, 38 Wright biplane, 1908, 12 
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